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PREFACE. 


The electronic conception of valence as developed and 
applied in this monograph is concerned neither with the 
question of the ultimate nature of chemical affinity nor 
with the intimately related problem of the constitution 
of the atom The variety of hypotheses now current, 
which deal with the constitution of the atom, has signally 
failed to furnish a uniform valence hypothesis which will 
enable chemists to elucidate chemical formulee and re- 
actions, or, in other words, to present more complete 
pictures of the relationships existing between the chemi- 
cal constitution of substances and their chemical, physico- 
chemical and physical properties 

After studying the many anomalous hypotheses on 
atomic structure and valence, the author has adopted the 
early and relatively simple suggestion of Sir J J Thomson 
that “if we Interpret the ‘bond’ of the chemist as indi- 
cating a unit Faraday tube, connecting charged atoms in 
the molecule, the structural formulte of the chemist can be 
at once translated into the electrical theory Accordingly, 
the symbol — a short straight line between atoms — which 
indicates a “bond” in a structural formula, assumes an 
added significance since one end of the bond corresponds 
to a positive, the other to a negative charge, through the 
transference of an electron from the one atom to the 
other. 

This, briefly, is the electronic conception of positive and 
negative valence which is employed herewith, solely as a 
formulatwe hypothesis. It is applied to the formula of 
many substances but chiefly to the constitution of benzene. 
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Methods are proposed and fully illustrated explaining how 
str^lctural formulce may be translated into electronic 
formulcB but only when it may be clearly demonstrated 
that the resultant electronic formulce possess greater sig- 
nificance in interpreting and correlating chemical and 
physico-chemical phenomena than do our customary struc- 
tural formulce 

The monograph is divided into four parts. Part I 
develops the electronic conception of positive and negative 
valence as a formulative hypothesis in chemistry Part 11. 
relates paiticularly to the constitution of benzene and its 
derivatives, and to the problem of substitution in the 
benzene nucleus Part III deals primarily with physical 
and physico-chemical properties, notably, molecular vol- 
umes, absorption of light and fluorescence Part IV. 
considers the constitution of the metal-ammines and 
presents a bibliographical and chronological review of those 
articles of authors who have presented apphcahons of the 
electronic conception of valence 

Concordant with the fact that the preface is usually the 
last part of a book to be written, a more comprehensive 
preface may be found in Section A of the final chapter 
In conclusion, I am deeply grateful to my colleague. 
Dr Earl F. Farnau, tor valued suggestions, criticisms, and 
his reading of the manuscript, and also to Miss Eva 
Hauck, Secretary of the Department of Chemistry, 
University of Cincinnati, for the preparation of the index 
of names and the transcription of the manuscript. 

University of Cincinnati, 

Cincinnati, Ohio, \%th May , 1920 
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THE ELECTRONIC CONCEPTION OE VALENCE 




CHAPTER I 


INTRODUCTORY. 

Theories of valency may be divided into two geneial classes. 
J N Fiiend states that “to the first of these belong such 
theories as those of Weiner and of Barlow and Pope, which 
postulate ceitain definite atti active oi repellent foices, and then 
proceed to a discussion of the constitution of the molecule” 
These are designated as chemical theories of valency Theoiies 
of the second class i elate to the actual causes of chemical affinity 
and aie influenced by the paiticular ideas of atomic stiuctuie 
held by then oiiginatois PTiend states that “the electionic 
theory of valency is a case in point, and as such is a subject for 
the physicist rather than the chemist ” 

Chemists, in general, will subscribe to this statement, because 
the various hypotheses on atomic structuie and the fundamental 
natuie of valence now m vogue are too diveise and too limited 
in their capacity either to interpret or to conelate definite 
chemical and physico-chemical phenomena Be this as it may, 
theie aie ceitain simple aspects of the electionic conception of 
the constitution of the atom that may be translated directly into 
an electronic conception of valence This, it will be shown, readily 
lends itself to the inteipietation and coiielation of manyhitheito 
unexplained chemical and physico-chemical phenomena In 
jothei woids, the chemist may employ the electionic conception 
^ lof valence as a fomulcctive hypothesis in the field of chemistry 

The geneial puipose of this monogiaph is to show that the 
application of the electionic conception of positive and negative 
valences to the constituent atoms of elements and compounds 
leads to the development of a new type of stiuctuial chemical 
foimula — the electronic fonnnla — ^which is fai more significant 
than the customaiy stiuctuial foimula in its adaptation to the 
interpretation and coi relation of chemical and physico-chemical 
phenomena 

3 I* 
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To this end, there is presented a complete revision and an 
extended development of the subject matter of two separate 
senes of articles published by the author during the past twelve 
years. One series, which appeared m the Zeitschnft fur physi-- 
^ kahsche Chemie under the general title Eimge Amvendungen der 
Elektronischen Auffassung positiver und negattver Va/en^en^ pie- 
sented new hypotheses on the relationship between chemical 
constitution and the phenomena of light absoiption and fluoi- 
escence The other senes appeared concurrently in the Joutnal 
of the American Chemical Society under the title Interpretations 
of Some Stereochemical Problems in Terms of the Electronic 
ception of Positive and Negative Valences In the majoiity of 
these ai tides an attempt was made to thiow some light upon the 
manifold and ever recurrent problem of the constitution of henacnc 
An application of the electronic conception of positive and 
negative valences to the constituent atoms of the benzene 
molecule culminated in the electronic formula of benzene This 
formula is readily adaptable to and makes possible the intei- 
pretation of many chemical and steieochemical piobleins pie- 
sented by benzene and its derivatives 

My grateful acknowledgments are due to Sir J J. Thomson 
whose earlier ideas on valency, as presented m his volume 
Electricity and Matter and subsequently elaboiated in his 
Corpuscular Theory of Matter^ directly led me to conceive, 
propose, and to apply the terms electromer and electronic tauto^ 
mensm as fundamental concepts in the development of his 
electronic conception of valence The electromer is a new type 
of isomer — the electronic isomer Electronic tautomensm is a 
new type of tautomensm involving electromers in dynamic 
equilibrium. 

The proposal of these new conceptions natui ally involves the 
question of the actual existence of electromeis, A few chemists 
have not, and others may not, be inclined to countenance the 
electronic conception of valence, electionic isomeiism, and 
tautomensm chiefly upon the grounds that the independent 
existence of electromers has not as yet been fully established. 
In view of this attitude, it should be clearly understood that the 
question of the actual existence of electiomeis is a secondaiy 
matter which does not m any sense invalidate the use and 
significance of the electronic conception of valence as a formula^ t 
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ttve hypothesis m chemistry The conceptions of electronic 
isomeiism and electronic tautomensm aie necessaiy adjuncts of 
the electronic conception of valence Fuithermore, these con- 
ceptions aic necessaiily demanded by and, theiefoie, wan anted 
in the interpietation and con elation of many chemical phenomena 
A statement of histone and piophetic inteiest, made by Kekule 
in 1867, illustrates the piinciple at issue — 

The question whether atoms exist or not has but little 
significance fiom a chemical point of view its discussion belongs 
rather to metaphysics In chemistiy we have only to decide 
whetliei the assumption of atoms is an hypothesis adapted to 
the explanation of chemical phenomena Moie especially have 
we to consider the question whethei a fuither development of 
the atomic hypothesis promises to advance oui knowledge of the 
mechanism of chemical phenomena. 

“ I have no hesitation in saying that, from a philosophical 
point of view, I do not believe in the actual existence of atoms, 
taking the word m its liteial signification of indivisible pai tides 
of matter — -I lalher expect that we shall some day find foi what 
we now call atoms a mathematico-mechanical explanation, which 
will lender an account of atomic weight, of atomicity, and of 
numetous propeities of the so-called atoms As a chemist, 
however, I regaid the assumption of atoms, not only as advisable, 
but as absolutely necessaiy in chemistry I will even go 
furthei, and declare my belief that chemical atoms exists piovided 
the term be undei stood to denote those particles of matter which 
undei go no fuither division in chemical metamorphoses Should 
theprogiess of science lead to a theory of the constitution of 
chemical atoms — impoitant as such a knowledge might be for 
the general philosophy of matter — it would make but little 
alteialion in chemistry itself The chemical atoms will always 
lemain the chemical unit ; and for the specially chemical con- 
siderations we may always stait from the constitution of atoms, 
and avail oui selves of the simplified expiession thus obtained, 
that is to say, of the atomic hypothesis. We may, in fact, adopt 
the view of Dumas and of Farada}^, that whether matter he atomic 
or noty thus much is certaiUy that granting it to be atomiCy it would 
appear as it notv does 

Apiopos of the above quotation, let it be recalled that 
Kekulds efforts to develop an undei standing of the mechanism 
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cIieOTcal reactions aie embodied to-day m the structure theory^ 
" the recogni 2 ;ed foundation of the extensive achievements of 
Oiganic Chemistiy, both theoretical and applied The estab- 
lished utility of this stiuctuie Iheoiy, which is indeed a foimu- 
lative hypothesis, is neither dependent upon the existence of 
atoms noi upon an intimate knowledge of the natuic of valence 
01 chemical affinity Sinailaily, the utility of this electionic con- 
ception of positive and negative valences, also a foimulative 
hypothesis with the structure theoiy as its foundation, is not 
primarily dependent upon the existence or the possible isolation 
of electi omers 

The significance df this point of view may be moie evident 
if some of the foregoing statements of Kekule aic paraphiased in 
modern terms In chemistiy we have to decide whethci the 
electronic conception of valence is an hypothesis adapted to the 
explanation of chemical and physico-chemical phenomena, Moie 
especially have we to deteimine whether oi not the fiuthei 
development of electionic foimulm and the conceptions of 
electronic isomerism and tautomensm promise to advance our 
knowledge of the mechanism of chemical reactions. In view of 
the fact that electionic foimulm, in many instances, have pi oven 
to be moie precise and moie significant than the customaiy 
structural formulae m the explanation of physical and chemical 
phenomena and the mechanism of reactions, it is quite conceiv- 
able that the electionic conception of valence may become a 
necessaiy adjunct to the structure theoiy This, ofcoiuse, must 
depend upon the nature and extent of its applications and ex- 
perimental verifications, and upon the pait that should be played 
by just criticisms in bunging to light the lelative meiits and 
demerits of its applications The author hopes that these points 
of view will be constantly in the mind of the readei 



CHAPTER II 


THE ELECTRONIC CONCEPTION OF VALENCE 

A. Fundamental Conceptions. 

In a lecliue^ on the Constitution of the Atom (Silliman Lectures, 
1903), Sn J J Thomson foimulated the electionic conception of 
positive and negative valences in the following words — 

‘‘ On the view that the attraction between the atoms in a 
chemical compound is electiical in its oiigin, the ability of an 
element to enter into chemical combination depends upon its 
atom having the powei of acquumg a charge of electiicity 
This, on the picceding view, implies eithei that the unchaiged 
atom IS unstable and has to lose one 01 moie coipuscles before 
it can get into a steady state, 01 else that it is so stable that it 
can letain one or moie additional corpuscles without any of the 
oiiginal coipuscles being driven out If the lange of stability is 
such that the atom, though stable when uncharged, becomes un- 
stable when it leceives an additional coipiiscle, the atom will 
not be able to leceive a chaige either of positive 01 negative 
electiicity, and will therefoie not be able to enter into chemical 
combination. Such an atom would have the properties of the 
atoms of such elements as aigon or helium 

‘‘The view that the foices which bind together the atoms 
in the molecules of chemical compounds aie electrical in then 
oiigin, was fiist pioposed by Berzelius , it was also the view of 
Davy and of Faraday. Helmholtz, too, declaied that the 
mightiest of chemical forces are electrical in their origin 
Chemists in geneial seem, however, to have made little use of 
this idea, having appaiently found the conception of ‘bonds of 
affinity ^ more fiuitful This doctiine of bonds is, however, wheiv 
legal ded in one aspect almost identical with the electiical theoiyj 
The theory of bonds when represented graphically supposes that 
from each univalent atom a stiaight line (the symbol of a bond) 
proceeds , a bivalent atom is at the end of two such lines, a 

7 
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tervalent atom at the end of three, and so on , and that when the 
chemical compound is represented by a giaphic foimiila in this 
way, each atom must be at the end of the pioper numbei of the 
lines which represent the bonds Now, on the electiical view of 
chemical combination, a univalent atom has one unit chaige, if 
we take as our unit of charge the chaige on the cotpuscle, the 
atom IS therefore the beginning oi end of one unit Faiaday 
tube the beginning if the chaige on the atom is positive, the 
end if the charge is negative A bivalent atom has two units of 
charge and therefore it is the origin oi termination of two unit 
Faraday tubes Thus, if we interpret the ‘ bond ’ of the chemist 
as indicating a unit Faraday tube, connecting chaiged atoms in 
the molecule, the structural formulae of the chemist can be at once 
translated into the electrical theoiy. There is, howevei, one 
point of difference which deserves a little consideiation the 
symbol indicating a bond on the chemical theoiy is notiegaided 
as having direction , no diffeience is made on this theory 
between one end of a bond and the other On the electrical 
theory, however, theie is a difference between the ends, as one 
end corresponds to a positive, the othei to a negative chai ge” 

It IS this eailier view of Sir J J Thomson that is most 
readily and significantly adaptable to chemical formulas The 
conceptions presented in the foiegoing quotation may be illus- 
trated and amplified by applying them to the combination of 
two univalent atoms, X and Y, of such natuie that X tends to 
lose a corpuscle, or electron, which Y tends to acquire Thioiigh 
the loss of one electron, i e , one unit negative chaige (repiesented 

by the symbol 0), X functions positivily , thus, X - 0 ->X 
Through the acquisition of this electron, Y functions negatively , 

thus, Y + 0 Y 

Accordingly, the electionic formula of the lesultant com- 

+ — -I- — 

pound, XY, from the union of X and Y, is wiitten X Y 

which indicates the polarities of the bond of attraction or Faiaday 
tube of force between X and Y 

In this connection it is of interest to note that Baly and 
Desch ® consider the labile hydrogen atom, m keto-enol tauto- 
merism, to function as a potential ion “ inasmuch as the bond of 
attraction or Faraday tube of force must be considered to be 
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lengthened sufficiently to allow of the intei change of the atom 
from the one position to the othei within the molecule They 
also extend this view to salts in solution maintaining “that the 
bonds of attiaction connecting the ' ions' togethei aie lengthened 
by the solvent When the length of the Faiaday tubes is below 
a ceitain ciitical length, the salt is ‘ non-ionized ' When the 
aveiage length of the tubes of foice is equal to or a little less 
than the ciitical length, a few mtei changes of ions between ad- 
jacent molecules takes place, and the salt is paitially ionized 
When the length of the Faiaday tubes is gi eater than the ciitiodl 
value, then peifectly free intei change takes place between the 
ions of diffeient molecules, and the salt is completely ' ionized' " 

; Fiom this point of view, the distinction between “ electiolytes " 
(and “non-electiolytes " is one of lelation only, it depends upon 
the conditions which dcteimine the ciitical lengths of the Faiaday 
tubes between the constituent atoms of the substance 

Anothei phase of the electionic conception of valence has 
been piesented by Sii William Ramsay^ in his Piesidential 
Addiess to the Chemical Society (1908) He advanced the 
hypothesis that elections are atoms of the chemical element, 
electiicity , they possess mass, form compounds with other ele- 
ments, and seivc as the bonds of union between atom and atom. 
He employed this idea of valence to explain the extuision of 
lonizable gioups in such compounds as the cobaltammine nitrites 
by fiuther addition of ammonia Such significant applications 
poitend fuither development in the explanation of the mechanism 
of chemical changes. 

A siiivey of these hypotheses leads to the conclusion, which 
is becoming moie geneial, that, if the forces which hold the atoms 
togethei m electiolytes aie electiical, then the same forces must 
also be assumed to hold m combination the atoms constituting 
the moleculea of non-electiolytes Hence, it may be maintained 
that chemical leactions which involve the dissociation of mole- 
cules, either of electiolytes 01 of non-electiolytes, are, let us say, 

’ eleotromc 

B. Electronic Formulae of Diatomic Molecules 

Passing fiom this general conclusion, consider briefly some of 
the electrochemical conceptions an4 facts th^t are related diiectly 
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to the determination of the electronic foimul£e of the diatomic 
molecules of certain elements. 

In the first place, it is of histoucal inteiest to note that one 
of the chief causes contiibuting to the oveithiow of the Diulistic 
System of Berzelius^ was his failure to apply the conception of 
electro-dualism to the constitution of elementaiy molecules. This, 
howevei, was not the case with Helmholtz,^ who, m his fimous 
Faraday Lectuie in i88i applied an electncal conception of 
valence to the constitution not only of compound but also of 
elementary molecules These aie his words “If we conclude 
from the facts that every unit of affinity is chaiged with one 
equivalent eithei of positive or of negative electricity, they can 
form compounds, being electrically neutial only if eveiy unit 
charged positively unites undei the influence of a mighty electitc 
attraction with another unit charged negatively. , . The fact 

that even elementary substances^ with few exceptions, have mole- 
cules composed of two atoms, make it piobable that even m these 
cases electiic neutralization is produced by the combination of 
two atoms, each chaiged with its full electric equivalent, not by 
neutialization of every single unit of affinity ” 

This conception of Helmholtz is stated conveisely, m the 
modern phraseology of ionic dissociation, by W A. Noyes, as 
follows “If we suppose what seems not to be impiobable, that 
all reactions involving the decomposition of molecules aic pie- 
ceded by an ionization of the parts of the molecules, it would 
follow that elementary molecules as well may ionize into positive 
and negative parts*' Again, in this connection, Walden's 
researches ^ on conductivities of substances othei than acids, bases 
and salts in different ionizing media, prove that the halogens, 

bromine and iodine, furnish not only anions, but cations as well 
+ + + + + + + + 

Br and Br , I and I 

J J Thomson® states that this view “is also suppoitcd 
by the fact that when the molecules of an elementary gas aie 
dissociated by heat, as in the case of iodine vapoui, the elecliic 
conductivity of the dissociated gas is very high, showing that 
there are large quantities of both positive and negative ions 
present in the dissociated gas" Fuithermore, “the numeious 
experiments which have been made on the dispeision of gases 
do not afford any evidence of the existence of any wide diverg- 
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ence between the dispeision of compound and elementary gases , 
hence we may conclude that if the atoms in the molecules of the 
compound gas are chaiged with electucity, the atoms in the 
molecules of elementaiy gases are also charged'' Concurrently, 
the pieceding facts indicate that the electionic foimula and the 
electiolytic oi electionic dissociation of a diatomic molecule (Xg) 
composed of univalent atoms may be repiesented by the follow- 
ing scheme 

Xj = X- X X + X 

C. Electronic Isomers or Electromers. 

An extension of these ideas to the chemical union of two 
elementary gases, Xg and Yg, develops some new and funda- 
mental conceptions Oidmaiily, such a leaction is represented 
by the equation Xg + Yg =5^ 2XY, but m teims of electronic 
foimulse, combination, preceded by electionic dissociation, is 
represented by the following scheme — 


+ — “!■ 


X2 = X X X 

+ X 

_ -{, — 


Yg - Y Y Y 

+ Y 



+ - 

_ _j. 


X X Y 


Oidmaiily only one stiuctural formula is assigned to the com- 
pound X Y, namely, X — ■ — Y , but, in the above scheme it is 
evident that XY may be repiesented by two diffeient electronic 

+ ~ — H- 

foimulse, namely, X Y and X Y I have pioposed the 

term electronic isomer^ 01 more biiefly, dectrovier"^ for this new 
type of isomer Several different electronic formulae may be 
attiibuled to a given stiuctural formula but this does not neces- 
saiily imply that the several electronic isomeis or electiomers are 
capable of independent existence Sir J J Thomson foresaw 
the possibility of this new type of isomerism, and stated that even 
if such isomeis were stable they would possess very different 
degiees of stability, and “ it must be remembeied that in consider- 
ing the possibility of the existence of isomers from purely 
geometrical consideiations, all questions as to stability aie 
Ignored, so that isomers which are indicated by geometiy as 
possible may be dynamically unstable and thus incapable of 
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preparation ” Detailed evidence for the existence of electromers 

of the types X - — Y and X will be piesented m subse- 

quent chapters 


D* Electronic Tautomerism, 

The dynamic instability referred to above serves as the basis 
for another new conception, namely, that of electronic tautomer’^ 
tsm Tautomensm, in the usual sense, signifies an equilibiium 
mixture of ordinary structural isomers as, for instance, the well- 
known ketonic and enolic modifications Electiomc tautomei ism 
signifies an equilibiium mixture of two (oi moie) electromeis 
m the sense that one electiomer may be assumed to leveit to 
another electromer thiough the transposition of valence elections. 
This will effect a reversal of the polarity of certain atoms (oi 
radicals) in the respective electromers as indicated in the follow- 
ing detailed scheme — 

H- “ + — 

X '^X + Y'^X + Q + Y^ 

X + Y^X + 0 + Y- X + Y- X— Y 
It should be noted that in the transition fiom electromei 

4. _ —4 

X Y to X Y, or vice versd, abbieviated thus 
(X~— Y X— Y), 

when Y loses an electron, it becomes a neutral atom or radical , 

4 

and X, acquiring this electron, 01 unit negative charge, also 
becomes a neutral atom 01 radical The intei mediate exist- 
ence of neutial atoms or radicals, X and Y, in the system of 
electronic tautomensm, furnishes a fundamental point of view 
for the interpretation of the existence and piopeities of “free 
radicals (notably triphenyl-methyl and its deiivatives) and the 
so-called “nascent state”. These features will be developed in 
subsequent chapters One of the purposes of this monograph 
IS to show that many chemical reactions and their interpretation 
fully substantiate the principle of electronic tautomensm 01 the 
existence of electromers m dynamic equilibrium. 
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E. The Electronic Valence of an Atom. 

It has been noted that a neutral atom (the valence m the 
neiitial state is zero) may acquiie one unit positive charge through 
the loss of one electron, or it may acquiie one unit negative 
charge through the acquisition of one election Such a urn- 
valent atom may function, eithei as an independent ion 01 in 
chemical combination with anothei atom, in two distinct ways 
according as it is positively 01 negatively univalent Thus, a 

univalent hydrogen atom may function as H or as H , and the 

+ “■ 

univalent chlorine atom as Cl or as Cl 

Thiough (i) the gam 01 (2) the loss of two elections, or 
(3) through the simultaneous loss of one election and the gam 
of anothei election, a bivalent atom may function in three distinct 
ways. Accordingly, its valences are lespectively (i) both 
negative, 01 (2) both positive, 01 (3) one positive and one nega- 
tive Thus, a bivalent oxygen atom piesents three types 

+ + H — 

0 , 0,0 Similarly, the teinjalent nitiogen atom piesents 

►{,4.4. 

four types N , N , N , and N . The quadrivalent caibon 
atom functions in five ways • — 

4,4, — 4.^-,^ 

C , C , C , C , and C 

It thus becomes evident that an atom whose valence is {n) 1 
may function electronically in {n + i) different ways This lule 1 
IS used m figuring the number of electronic formulae which may 
be attiibuted to a given structural foimula Its application to 
the derivation of the electionic formula of benzene and other 
compounds is picsented m detail latei. In the meantime, it is 
expedient to illustrate this rule by a number of simple reactions 
and electronic formulae, and, simultaneously, to consider the 
methods commonly employed in deriving the electionic formulae 
of elements and compounds. 



CHAPTER III 


METHODS OF DEVELOPING ELECTRONIC FORMULA. 

It has been noted that electronic formulae aieviitually stiuctuial 
foimulae in which the bonds are qualified as having diiection m 
the sense that one end of a bond corresponds to a positive, the 
other end to a negative charge The stiuctuial foimula of a 
substance is derived through the consideration of three factois • 
(i) the number of atoms m the molecule , (2) the valence of 
each atom ; and (3) the chemical and physical propeities of the 
substance in question. As stated by Peikin and Kipping It 
is thus possible, with the help of valency consideiations, to 
determine the state of combination of all the atoms of which the 
molecule is composed, and to express the lesults m a structural 
formula ; this formula then not only shows the constitution 01 
structure of the compound, but also summarizes m a concise and 
simple manner the more important chemical propeities of the 
compound” 

Now the conversion of a stiuctural foimula into anelectionic 
formula by assigning positive and negative chaiges to the op- 
posite ends of the bonds is not an arhtrary procedure it must 
be governed by a careful study of certain phenomena, notably 
(A) Ionization and Electrolysis, (B) Oxidation-i eduction pio- 
cesses, and (C) Hydrolytic reactions Each of these phenomena 
may be interpreted very aptly in terms of electric charges^ or, m 
other words, m terms of positive and negative valences. The 
correlation of these phenomena and principles makes the develop- 
ment of an electronic formula a consistent proceduie. Simple 
illustrations of a general type may now be considered. 

A. Ionization and Electrolysis. 

In an aqueous solution, hydrogen chloride molecules by dis- 
sociation yield positive hydrogen and negative chloiine 10ns. 
The foimer migrate to the negative cathode while the latter 

14 
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move to the positive anode Hence the dissociating molecules 
of hydiogen chloride are qualified by the electionic foimula 
+ — 

H -Cl, and their electrolytic dissociation by the scheme 

rLZci - H + Cl 

This view does not preclude the possible existence, even m 
an aqueous solution, of negative hydiogen and positive chlorine 
10ns The following illustiation will show how, duiing electio- 
lysis, negative hydrogen 10ns may be assumed to lesult by 
cathodic reductiofiy and positive chlorine 10ns arise by a 7 iodtc 
oxidation a hydrogen atom cariying a unit positive charge may 

+ 

lose It on contact with the cathode , H + © H The resultant 
neutral atom immediately acquiring an election fiom the cathode 

becomes a negative hydrogen ion, H + © -^ H, which is natui- 
ally repelled from the cathode and immediately combines with 
an approaching positive hydiogen ion to foim a molecule of 

hydiogen, H + H H H = H2 

An analogous and simultaneous process may take place at 
the anode, in which case the negative chloiine ion gives up one 
electron to the anode theieby becoming a neutral atom, which 
through the loss of anothei election becomes a positive chloiine 
atom The union of a positive and a negative chlorine ion 

yields the molecule Cl CL 

Cl - 0 Cl, Cl - 0 -> Cl, 

+ — + “ 

Cl + Cl Cl Cl = Clj. 

This scheme leads to the definition of oxidation and reduction 
in teims of electrical charges or elections 

B* Oxidation and Reduction. 

Anodic oxidation and cathodic reduction are effected by 
means of the electric current Electiic currents may be produced 
by means of oxidation and reduction reactions Hence oxida-i 
tion IS geneially considered to involve the acquisition of positive,! 
or the loss of negative electrical charges, by atoms or ions , and, 1 
reduction involves the acquisition of negative, or the loss of posi- ‘ 
tive chaiges Now since the electron is the unit negative charge! 
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of electricity, equivalent to the chaige on a univalent ion, oxida- 
jtion may be defined, in terms of the electionic conception, as the 
lloss of electrons by atoms oi ions, while reduction is the gam of 
ielectrons by atoms or ions 

The displacement of hydrogen from an acid by means of a 
metal is repiesented by an equation of the following type ♦ M (a 
bivalent metal) + 2HX MXg + The ionic equation foi 
+ + + 

this reaction is M + 2H M + Hg The metal, M, is oxidized 
+ + + 

to the bivalent ion, M, while the hydiogen 10ns, 2H, are reduced 
to molecular hydrogen, Hg A moie detailed analysis of this 
change is piesented m terms of the electronic conception accoid- 
ing to the following scheme — 


M 

+ - 
= M 


+ + 

M + 

20 , 

+ 

H 

+ 0 


H, H 

+ 0 H 

+ 

H 

+ H 


+ - 
H 

-H Hg 


By way of explanation, an atom of the metal, M, is oxidized 
+ + 

to the bivalent ion M through the loss of two electrons, one of 
+ 

which reduces H, first, to neutial hydrogen, H This neutial 

atom is then further reduced by the other election to H The 
+ ~ 

union of H and H yields molecular hydrogen. This piocess 
closely resembles the cathodic reduction of positive hydrogen ions 
during the electrolysis of aqueous solutions of acids as pieviously 
noted 

These illustrations show that the number and the polaiily of 
the charges of a given atom indicate its state of oxidation 01 le- 
duction. Conversely, the state of oxidation of a given atom in a 
compound may be readily correlated with the electionic foimula 
of the compound. The significance of this pimciple becomes 
more evident if attention is directed to the polaiities of the 
valences of the carbon atom in five typical compounds, namely, 
(I ) methane, (II ) methyl alcohol, (III ) formaldehyde, (IV ) 
formic acid, (V.) carbonic acid and its anhydride, carbon dioxide 
If, in these compounds, the hydrogen atoms i\kXi(Ci\oi\posittvely 
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and the oxygen atoms are negatzvelj^ bivalent, then the electionic 
foimulae of compounds L-V. inclusive aie wutten as follows — - 


H 




4- — 

H C 0 H 


H 


H 


( 

+ 

^ 

+ — 
j-j ( 

+ 

^ 0 


- + 


4- ~ + 

+ 


+ 


H 

H 


4* ~ 
C— =0 
+ 


n 


H 

in 


H- 

4- 

0 

0 


H-~ — H“ — 4,4.— 

H 0 C 0 H 0-= --C-=0 

+ - 4- 4. - 


IV. 


A lule has been slated, namely, that when the valence of an 
atom equals (n)^ that atom may function electionically, or in 
electionic foimulse, in (/2 + i) different ways Since the carbon 
atom IS quadrivalent^ it functions in five different wa3^s, thus — 

— ’C~ — 04* — C-j- - 1 -C+ 4 *C- 1 - 

— — 4- 4. 4 - 

I II III IV V 


! 


f 


These types of carbon atoms (I -V ) are embodied, lespectively, 
in the preceding electionic foimulae of (L) methane, (II ) methyl 
alcohol, (III ) foi maldehyde, (IV) foimic acid, and (V) caibonic 
acid Now since the acqunement of electrons 01 negative 
valences corresponds to reduction, and the loss of electrons, i e,, 
the development of positive valences, coriesponds to oxidation, 
it is at once evident that the above types and electronic formulae 
(I -V inclusive) lepiesent the successive stages of oxidation of 
the caibon atoms m the transitions fiom methane to caibon 
dioxide. In fact Bone has demonstiated that the slow com- 
bustion (1 c , oxidation) of the hydrocaibon methane at tempera- 
tiues below its ignition point, may be regaided as involving the 
successive formation of methyl alcohol, formaldehyde, formic 
acid, and finally, caibonic acid or caibon dioxide The electronic 
foimulse of these compounds affoid an inteipretation of these 
oxidations in teims of the positive and negative valences of the 
constituent atoms Such relationships as those noted m the 
piecedmg types (I-V) aie made manifest, not by the oidinary 
structural formulae, but only by the electronic foimulse of these 

2 
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five typical caibon compounds In this way, the extensive field 
of oxidation-i eduction leactions not only affoids an expeii mental 
justification foi the use of the electronic conception of positive 
and negative valences but also serves as one method of denving 
electronic foimulae 

C. Hydrolytic Reactions 

Another method of developing electionic foimulce and of coi~ 
relating them with chemical piopeities is found in an electionic 
interpretation of hydrolytic reactions 

Gi anting that the hydiogen ion is positive and that the 
hydroxyl ion is negative under noimal conditions, i e , piovided 
the hydrogen ion is not i educed and that the hydroxyl ion is 
not oxidized, and that, accordingly, the electionic formula of 
+ " 1 " 

water is H 0 H, then it follows that hydrolytic reaction!) » 

afford an experimental method for ascertaining the polauty of the\ 
radicals of a compound under the particular conditions of the hy-^ 
drolysis * 

The applicability of such a method both to electiolytes and 
to non-electiolytes is indicated by Abegg “The observation 
that all leactions in which ions participate in measurable amounts 
— even the hydrolytic actions or the extiemely weakly dissociated 
water — pioceed to then equilibria with an immeasuiably great 
velocity, has induced the assumption that indeed eveiy capacity 
to react is to be attributed to the presence of ions A basis foi 
this assumption has been thought to exist in the fact that fac- 
tions between non-electrolytes usually pioceed with extieme slow- 
ness corresponding to an immeasurably small, but not absolutely 
non-existent, dissociation” The method of applying hydiolytic 
factions to the determination of the polauty of the radicals of 
either electrolytes or of non-electrolytes may be illustiated in 
general as follows 

If a compound, X.Y, on hydrolysis yields compounds of the 
types HX and HO Y, then XY is qualified by the electionic 

— 4 “ 

formula X Y Its hydiolysis proceeds according to the 

scheme — 

X — — 0 — + H— -pI-ilY, 
or, moie briefly 

~+ 4 -^ “ + 

X Y + IH OH H X + HO.Y 
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On the other hand, if the hydiolysis of X Y yields compounds 
H Y and HO X, then X Y is qualified by the electronic 

+ — 

formula X Y, the hydiolysis of which proceeds accoiding to 

the abbieviated scheme . — 

— -j- ^ „ _ -i- 

X Y + H OH H Y + HO X. 

Thus, the pioducts of hydiolysis of X Y indicate whether its 

— + 4 - — 

electionic foimula is X Y or X Y. 

In some instances, to be consideied in detail latei, a given 
compound, X Y, will yield foui diffeient products on hydiolysis, 
namely, H Y, HO X, H X, and HOY In such instances, 
the conclusion is evident that the compound X Y must have 

+ — — 4-. 

functioned in two distinct ways, namely, as X Y and X Y , or, 
in other woids, XY presents an example of electionic tauto- 

4- — — + 

met ism (X Y X Y) and interaction with water is viitually 
two dist met hydrolytic reactions proceeding simultaneously accoid- 
ing to the genei al scheme — 

4. — — 4 « 

H y 4 - HO X 

4, — „ 4, 4- ^ 

(X Y ^ X Y) 4 - H OH 

4- “ ~ + 

H X + HO Y 

This chapter has endeavouied to show that the development 
of an electionic formula, 01 the translation of a structural foimula 
into an electronic formula, is made possible thiough the study 
and interpietation, m teims of positive and negative valences, 
of phenomena of ionization, oxidalion-i eduction piocesses and 
hydrolytic reactions The piinciples thus outlined will be il- 
lustiated fully in subsequent chapters with the puipose of making 
moie apparent the enhanced significance of electionic foimulse. 
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ELECTRONIC AMPHOTERISM 

The first lule lelating to the positive and negative valencies of 
an element was proposed by Abegg and Bodlandei and sub- 
sequently by Abegg These authors developed a theoiy of 
valency according to which any element manifests two kinds of 
valency — normal and contravalency — of opposite polaiity. The 
former is the stronger and corresponds, as its name imiilies, to 
the accepted valencies of the element The noimal valencies aic 
usually positive in metals but negative m non-metals and the 
numerical value is equal to eight minus the numbei of contia- 
valencies The Periodic Classification of the elements fiunished 
the basis for the distnbution of the normal and contiavaleacies 

A few years later Fiiend^® developed an electiomc theory of 
positive and negative valence in which he distinguished between 
(i) free negative valency, (2) free positive valency, and (3) le- 
sidual or latent valency 

Friend defines the fiee negative valence of an element in 
teims of its capacity to combine with hydrogen “ Since hydio- 
gen is electro-positive and monovalent, only those elements 
which possess a negative valence can combine with it* As 
Ramsay has pointed out this is equivalent to saying that only 
those elements which are capable of leceiving elections can foim 
hydrides''. In addition to negative, some elements iiosscss 
positive valency, that is to say, they are also able to pait with 
elections Such elements may be termed amphoteric Otheis 
apparently possess only positive or only negative valency. 

Referring to free positive valency, Friend states that *'thc 
numerical value of the positive valency is not so easily determined 
as that of the negative, since we have no negative element cor- 
responding with hydrogen, which combines with one atom of 
any other element m only one proportion". Howevei, Fuend 

20 
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suggests fluorine as the most suitable element foi deteimiinng 
the maximum positive valency of the elements and mamtaiu.s 
that ‘‘•chlorine, fluoime, and oxygen aie the only elements which 
possess fiee negative but no fiee positive valencies 

Finally, Fiiend^s conception of residual oi latent valency 
IS quite similai to the “ neutral affimlies of Spiegel and tlie 
electrical double valencies of Aiihenius, in that latent valencies 
can be called out in pairs ol equal and opposite sign Thus, 
“ In Ramsay’s phiaseology, this is equivalent to saying that when 
an element exeits its latent valency, it simultaneously paits with 
and receives, an election. Consequently, the sum total of the 
elections lemams the same, and the electiochemical pioperties 
of the atom are unalteied ” 

I am constrained to maintain that the foiegoing lules of 
positive and negative valencies as pioposed by Abegg and 
Bodlandei, and by Fi lend, may be leplaced by a moie geneial 
and moie comprehensive rule, namely, that when the given 
valency of an element equals that element may function in 
{n + i) diffeient ways This uile has been illustiatcd in the 
case of the quadiivalent carbon atom and its typical com- 
pounds In teims of this lule the univalent hydiogen atom may 
function in two ways, i e., eithei positively oi negatively Ac- 
coidmgly, hydiogen m hydrogen chloiide is positive and the 

electionic foimula of the hydrogen chloride molecule is II Cl ; 

but, in sodium hydride, if sodium is positive, hydiogen must 

be negative, thus Na ^li. This is in diiccl opposition to 

Fiiend’s statement that “ since hydrogen is electiopositivc and 
monovalent, only those elements which posscbs a negative 
valence can combine with it” 

In like manner, univalent chloime may function lu two 
ways It is negative in hydiogen chloride but positive, as will 

-H “ ““ "h 

be shown later, in hypochlorous acid, IT O Cl, and other 

compounds. This, too, is in opposition to Fiiend’s statement 
that “ chlorine, fluoune, and oxygen aie the only elements which 
possess free negative but no free positive valencies Chlorine, 
at least, possesses positive valence as will be shown subsequently. 

The capacity of a given element to lose and to acquire 
electrons and thereby function in various ways may be termed 
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electronic amphotensm It js now essential to subsequent de- 
velopments to consider some instances in which the electronic 
amphotensm of hydiogen and chloune is manifested Since it 
IS generally conceded that hydrogen normally functions positively 
while chloune noimally functions negatively, it will be of moie 
paiLicular interest to discuss the icactions and the electionic 
foimulse of a few simple compounds in which hydiogen is nega- 
tive, and otheis in which chloune is positive 

A. Negative Hydrogen 

The conception of negative hydrogen is not new Biodie,^^ in 
1850, assumed the existence of a relation (polauty) between 
atoms entering into combination of such kind that one atom is 
distinguished as positive ot negative as contiasted with the othei 
He represented the evolution of hydiogen which occuis when 
copper hydride is treated with hydrochloiic acid, in teims of the 
old equivalents, thus — 

+ “ H — H-— + — 

CuaH + HCl = CujCl + HH. 

This is paiallel to our piesent assumption that both copper 
hydride and molecular hydrogen may contain hydrogen atoms 
which function negatively 

It has been noted previously that negative hydiogen may 
result through cathodic reduction of positive hydiogen 10ns in 
the electiolysis of aqueous solutions of acids and precede the 
formation of molecular hydiogen Likewise, it may be foimed 
and precede the libeiation of hydiogen when metals mteiact with 
acids 01 with water Diiect evidence of the existence of negative 
hydrogen is found in ceitain leactions of sodium hydiide, and 
refeience should be made to the intei action of sodium, on the 
one hand, and of sodium hydiide on the other, with watei accord- 
ing to equations (i) and (2), lespectively — 

(r) ^Na + 2HOH 2NaOH + Hg 

(2) Nali + HOH NaOH + Hg 

From an ionic standpoint these leactions aie repiesented 
thus — 

"H + 

(r) 2 Na •+ 2H 2 Na + Iln, 

4" Hh 

(2) NdH 4 * H — ^ Na + Hg 
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A fuilhei analysis of these leactions fiom an electiomc point of 
view lequiies that a molecule of metallic sodium be legaided 
simply as a compound of a positive sodium ion with a negative 
election, the inteiaction of which with watei (le, with the 
positive hydiogen ions) coi responds to the following scheme — 

sjNa = 2Na@ ^ 2Na -h 2 Q 

H I- Q II, II + @ H; 

H + H -►> H H = Ha 

In othei words, metallic sodium is oxidized to ionic sodium 
thiough the loss of elections which reduce ionic hydrogen to the 
moleculai state Analogously, on the othei hand, sodium 
hydride is a compound of positive sodium and negative hydiogen 
+ — 

atoms, NaH Hence, the ionic equation (2) above is lepiesented 
electronically as follows — 

-j-. — -j- — 

Na H = Na H Na + H 

+ "" 4 * “ 

H + H H H == Ha 

In Othei words, sodium hydiide may be legaidcd as an lonogen 
which, on dissociation, yields positive sodium and negative 
hydrogen 10ns The lattei combine with positive hydiogen 10ns 
yielding moleculai hydiogen 

Further evidence that the hydrogen of sodium hydiide 
functions negatively is shown by the formation of sodium foimate 
accoiding to the equation — 

Na H CO2 HCOgNa 

An inleipietation of this leaction from the elcctionic point 
of view shows it to be an oxidation«i eduction piocess. It has 
been noted previously that each of the foiii valencies of the 
carbon atom in caibon dioxide is positive while in foimic acid 
one of the carbon valences is negative and the othei thiee are 
positive^ It follows, therefoie, that when sodium hydiide 
interacts with carbon dioxide, one of the foui positive valences 
of the caibon atom is reduced to a negative valence through the 
reducing action of the negative hydrogen atom of sodium 


See Electronic formulae on p. 17. 
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hydride. A detailed analysis of these changes auj' be indicatcul 
schematically as follows — 


(1) Na H Na + H 

(2) H -> H + 2 © 

— _.j 

(3) COu = 0=C=^0 O () -- 

- + + - - -I I I 


( 4 ) 0 = 


=rC 0— 

+ 1 + 


+ 2© 


0 


h h - 
C_^C). -- 

I- 1 - 


— + + 
(5) 0=C — 
-h 


J- I h 1 

+ Na, H- II () “"-Na, 

{ I 
H 


In (i), dissociation of NaH yields Na and 11 In f;). Uu- nii- 
— -{- 

stable H becomes H thiough the loss of two uleclioiis, »©, ,iinl 
thereby acts as a leducing agent Note that (3) illusliatcs Hit- 
"opening up” of one of the double bonds of caibon dioxide 
presenting one fiee negative and one fiee positive valoiue, so to 
speak In (4), the elections, 2©, libeiated in the tuuisilion of 

H to H, effect the leduction of the fiee positive valence of cat bon 


dioxide to a^free negative valence. In (S), the union of Na fioin 

(I), and of H fiom (3), with the lespcctive free iK'gative vali'iiccs 
of the oxygen and caibon atoms of caibon dioxide fiom (.|), com 
pletes the electronic foimula of sodium foimate 

oues^fn? niteipieting the reaction ,n 

question. The dissociation of sodium hydiide according to (t) 

into Na and H, m conjunction with the opening uiiof the double 
bond in carbon dioxide, as noted m (3), makes possible the dins I 

additions of Na and H to the free negative and the fiee positive 
alence, respectively, of carbon dioxide, thus : 
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0=c 


~ + 


+ 


o- 


+ + 1 „ - -j, 

-j- Na “t* H — > O ---- C O Na 

+ H' 

H 


The instability of H and its tendency to reveit to H 
— + 

(H H + 20) with the loss of two elections which reduce the 
positive caibon valence to a negative valence, is the occasion of 
the transition of the unstable electromei, containing negative 


hydiogen, 


O 



Na, to the stable electiomei, 


H 


— + + — — + 

O C O Na, sodium formate It is at once evident 

- + I - 


1 + 

H 


+ — 

that in the change from the unstable elecLromer (NaGgC H) 

-• + — 

to the stable electromer (Na02C H), the H of the foimer 

has been oxidized to H in the latter , and, simultaneously, the 
positive caibon valence of the former electiomer has been re- 
duced to a negative valence in the latter Hence this reversal 
of the polarity of the caibon-hydrogen valence affoids an 
example of an electronic intramolecular oxidation-reduction It 
should heie be emphasized that any electionic intramolecular 
oxidation-reduction leaction viitually coriesponds to the tiansi- 

+ ~ -j- 

tion of one electiomei to anothei (X Y X Y) previously 

noted (p 12) and defined as electionic tautomeiism. Whether 
one electiomer, or the other, or both, aie the products of a given 
reaction will depend upon certain conditions which will be con- 
sidered later 

Natuially it would be expected that the hydrides of stiongly 
electropositive metals, such as sodium, contain negative hydrogen, 
as has been shown It is interesting and significant to note that 
the hydride of the non-^metal silicon also functions as a compound 
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of negative hydiogen This is attested by the inlciactioii 
(hydrolysis) of silicon hydride and aqueous potassium hydi oxide 
One volume of the formei yields in alkaline solution foui volumes 
of hydrogen according to the equation — 

S1H4 + HOH + 2KOH ^ K2S1OJ + iHa 

Now, potassium silicate is analogous in composition to potassium 
carbonate, a deiivative of carbonic acid in which c<ich of the 
valences of the caibon atom is positive Accoidingly, each of 
the valences of the silicon atom in potassium silicate is assumed 
to be positive Furtheimoie, since neither watei noi potassium 
hy dioxide acts as a reducing agent in the above equation, it 
must also be concluded that each of the valences of the silicon 
atom m silicon hydride is positive Hence the hydiogen atoms 
of silicon hydride function negatively and the above leaction 
from the electronic standpoint is represented as follows — 



In this connection it is woithy of note that silicon and 
caibon, from the standpoint of the pei iodic classification, belong 
to the same natural family Since the non-metal silicon may be 
united to negative hydrogen as shown above, it is natuial to* 
conclude that carbon atoms also may hold m combination negatively 
functioning hydrogen atoms This condition will be met in the* 
electronic formula of benzene That three of the hydrogen atomS| 
of the benzene molecule, CsHg, function negatively while the 
other three function positively will be consideied fully in 
subsequent chapters 

In analogy with the hydrolysis of silicon hydride, silicon 
tetrachloride is also completely hydiolyzed m accordance with 
the scheme • — 
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Cl 

_o^n 


J ^C1 

+[ 

+ 4H^C1 

Cl 

”0=^H 



Since chlonnc is negative in hycliogen chloride, it follows that 
the chlorine atoms in silicon tetiachloude aie also negative Of 
couise, the hypothetical oitho-silicic acid loses watei yielding 
meta-silicic acid, which in tuin gives the anhydude, silicon 
dioxide — 


+ 


O^H 

1 











In silicon hydiide and silicon tetiachloude, hydrogen and 
chlorine lespectively function negatively Compounds and le- 
actions will now be consideied in which chloiine functions 
positively 


B, Positive Chlorine, 

It has been noted (p 15) that positive chlorine ions may 
arise during the electiolysis of hydiochlonc acid thiough anodic 
oxidation of negative chlorine 10 ns and piecede the formation of 
moleculai chlorine Apait fiom the phenomena of electrolysis, 
positive chloime ions may exist and as such function m the pio- 
duction of hypochlorous acid thiough the interaction (leversible) 
of chloime and water according to the equation, 

Cla + HOH HCI HOCl, 

which IS lepiesented lomcally and in terms of electronic formulae 
as follows . — ■ 


+ 

CI 2 « Cl Cl 

"I" 

HOH H 0 


Cl + Cl 

H + H 0 

H Cl H 0 Cl 
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The chlorine atom in hypochlorous acid is positive and the 
instabthty of hypochlorous acid and its oxidizing properties may be 
attributed to the tendency of positive chlorine to revert to the more 
stable negative chlorine It has been shown that negative 
hydrogen acts as a leducing agent through the loss of elections 

— ■+• 

and thereby leveits to positive hydiogen H - 2© H On the 
other hand, positive chlorine acts as an oxidizing agent thiough 
the acquisition of elections and thereby reveits to negative 
chlorine — 

Cl + 2 0 ^ Cl 

The decomposition (accelerated by the action of light) of 
dilute aqueous solutions of hypochloious acid, yielding fiee 
oxygen and hydiochloiic acid, according to the equation, 
2H0C1-^2HC1 + Og, may be mtei preted lonically and elec- 
tronically as follows — 

_i- — — -j- ^ 

(1) H O Cl H + 0 + CL 

+ — 

(2) O O + 2 © 

( 3 ) Cl -{- 2 ©) — > Cl 

" 4* — 

(4) Cl + H ^ H Cl 

Equation (l) indicates complete ionic dissociation of hypo- 
chlorous acid. In (2) the oxygen ion thiough the loss of two 
elections is oxidized to the atomic or electrically neutial state 

-h — 

O, 01 0 This oxidation is effected by the positive chloiine 
+ 

ion, Cl, which through the acquisition of two elections becomes 
a negative chlorine ion as noted in (3) In (4) the resultant 
negative chlorine ion unites with the positive hydiogen ion fiom 
(i), to give hydrogen chloride. This detailed mterpietation may 
be abbreviated to conform to the scheme of an mtiamolecular 
oxidation-reduction reaction — • 

2H 0 Cl 2H ^0 Cl 

r + - + -"i + - + - 

L2H + 2CI + 2 0 J 2H Cl + 0=0. 

— + 
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4- — -j- 

first electtomei, H O Cl, is conveited to the second 

+ — "f — ^ 

romei H O — ■ — Cl, through the reduction of Cl to Cl 

— — + 

the concomitant oxidation of 0 to O The second elec- 
+ ~ ^ — 

er, H 0 Cl, yields H Cl and molecular oxygen, 

Anothei electronic formula for oxygen is possible, 

+ 

+ — 

ely, but it is 11 relevant to the explanation which 

ula IS assigned to moleculai oxygen. 

n piesenting these inteipretations, it should be lemembered 
It IS no more possible to picture the absolute mechanism of 
emical change than it is to present a final explanation in 
ice. Each of the preceding inteipretations of the decomposi- 
of hypochloious acid involves one and the same fundamental 
ciple, namely, the tiansition of positive chlorine to negative 
rine thiough the loss of electrons. Fuithermoie, this transi- 
selves to explain the oxidizing action of hypochloious acid 
some reactions (to be described latei) hypochlorous acid 
ds, thiough dissociation, negative hydroxyl and positive 
a me ions — 


+ — + — - 1 - 
H 0 Cl HO + Cl 

4 * 

elation is effected through the reduction of Cl to Cl as noted 
ve In other reactions, hypochloious acid undeigoes intia- 
eculai oxidation-reduction and yields neutial 01 atomic (the 

ailed “nascent’') oxygen, O, which m turn effects oxidation 

>ugh its reduction to O In other woids, positive chlorine or 
tral oxygen atoms effect oxidation through tiansitions (i) 
(2) respectively • — 


(I) 

+ 

Cl 

H- 2 — > 

Cl 



+ 2© 



(a) 

0 

0. 


terms of the electronic conception of positive and negative 
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valences, transition (l) is fundamental to the decomposil.on uf 
hypochlorous acid and to its action as an oxidizing agent 

Since the acquisition of a given number of negative elections 
IS electrically equivalent to the loss of the same number oi wiui- 
valent positive charges, transitions (l) and (2), lespectively, iniiy 
be indicated thus — 

-j- <«- 

(1) Cl Cl + 2 @ 

(2) 0 0 I* -2 @ 

Apropos of the electronic fotmiila and piopcilies of hypu- 
chlorous acid, the existence of positive chloiine ions is substan- 
tiated by the apparently anomalous fact that on clectiolysis 
concentrated soltiUofts of hydrochloric acid yield equal volumes of 
hydrogen and chlorine at cathode and anode icspcctively, but, on 
the other hand, verj/ dilute solutions of the acid yield hydiop,en 
at the cathode but no fice chlorine at the anode Instead an 
equivalent amount of oxygen is evolved. Ostwald stales that 
“ this IS due to the fact that the water is decomposed by the 
chlorine With the formation of hydrogen chloude and oxygen 
according to the equation 2H2O + aClg « 4HCI + Oj. Ihis 
process, it is true, takes place with measuiable velocity only in 
the light , we may, however, assume here, as in similar cases, 
that the process takes place without light, only veiy slowly/^ 
Ostwald’s explanation should be modified and extended because 
he has not taken into account the fact that the liberation of 
oxygen from a solution of chlonne m water is due, most likely, 
to the intermediately formed hypochlorous acid accoiding- to t!ie 
generally accepted equations — 

2CI3 4 - 2HOH 2HCI + 2HOCI, 

2HOC1 ^ 2HC1 + 03. 

In view of the electronic inteipietation of the libeiation of 
oxygen from hypochlorous acid, it follows that the evolution of 
oxygen at the anode during electrolysis of very dilute solutions 
of hydrochloric may be due to the following changes. Negative 
chlorine 10ns are oxidized at the anode to positive 10ns • — 
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The dissocijition of water, though extremely slight, yields 
hydrogen and hydioxyl 10ns which latter migiate to the anode 
and theie encountei a much greatei concentiation of positive 
chloiine ions The production of hypochlorous acid through 
the union of the negative hydioxyl and the positive chlorine 
10ns, and Its decomposition, as pieviously explained, fully ac- 
counts for the libeiation of oxygen Oi, in equivalent terms, 
this change may readily take place through the oxidation of the 
hydroxyl 10ns by positive chlorine ions at the anode, thus — 

2HO -> 2H + 2 0 ] + - 

. aH Cl + Oj, 

2CI sCl 4 

4. 4. — 

or summaiized biiefly,^ 2HO 4 - 2CI 2H + 2CI 4 * Og 

It IS evident that this oxidation would pioceed only in very 
dilute solutions of hydiochlonc acid, le, in the piesence of a 
very low concentration of hydiogen 10ns Concentrated solu- 
tions of hydiochlonc acid yield no oxygen on electrolysis 
because the high hydiogen ion concentration obliterates the 

4 

hydioxyl ion concentration (H 4 - OH H^O) Hence in the 
absence of hydroxyl ions, the positive chlorine ions combine with 
the negative chlorine ions yielding molecular chlorine In this 
way, the electronic conception of valence affords an interpretation 
of the appaiently anomalous results obtained in the electrolysis 
of dilute and of concentiated solutions of hydrogen chloiide 

C. Chloramines. 

Not only hypochloiites but other compounds contain positive 
chlorine Selivanow^^ noted the fact that the chloiamines, 

* In simpler terms this change may be legarded, in a final analysis, as the action 
of positive chlorine 10ns upon negative oxygen 10ns — 

4. — — 

2CI 4 2 0 *—> 2CI 4 Og 

In this connection it is noteworthy that Nern&t^^ regaids the action of chlorine 
upon oxygen 10ns, molecular oxygen being liberated, as analogous to the action of 
chlorine upon bromine 10ns, molecular bromine being liberated. In terms of 
electronic formul^e this latter change is reduced to the equation — 

4 - 

(CI2 == Cl. Cl) 4 2Br (Br.Br « Brg) 4 sCl. 
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RNHCl and EgNCl, on hydrolysis and mteiaction with hydrogen 
iodide suffeied replacement of their chloiine atoms, not by 
hydroxyl, but by hydrogen, and that two equivalents of iodine 
were liberated for each equivalent of replaced chlorine, thus 
RgNCl -f 2in RfiNH + HCl + Ig. 

Selivanow attributed this lemaikable reaction to the fact that 
the chloiine atom m chloramine existed as “ hypochlorous 
chloiine Accordingly, the above reaction is perfectly analogous 
to the action of hypochloious acid upon hydiogen iodide — 
HOCl -H 2 HI HOH + HCl h 1^. 

In teims of electronic foimulac, hypochlorous chlorine is positive 
chlorine* and, theiefoie, the chloiamme should yield positive 
chlorine on dissociation — 

^ 

R^NCl = RgN Cl RaN -h Cl. 

+ 

Hence in the above reaction, Cl oxidizes the negative iodine ion 

of the hydi iodic acid to I which m turn unites with I to form 
moleculai iodine An analysis and summaiy of these changes 
IS given in the following scheme — 

+ - 
Cl 4- 2 © -> Cl 


+ 


I 

- 30 

I 

-1- 


+ — 

I 

+ I 

^ (I 1 = 

4* 



Cl 

+ 2 I 

1— > Cl 4" Ig 


Accordingly, the analogous reactions (i), and (2), 

(1) RgN . Cl -h 2H . I R^N H + H Cl + !«, 

( 2 ) HO Cl + 2 H I ^ H.OH h- H Cl H- la, 

are repiesented respectively in abbieviated electronic formula: as 
follows — 

, I 

(1) RjN .Cl + zH . I -> RjN . H + H . Cl + I . I 

( 2 ) HO Cl + 2 H.I HO H + H Cl + 1. 1. 

* The antiseptic action of Dakin’s solution and his chloramines is undoubtedly 
due to positive chlorine. 
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Each of these leactions involves one and the same change, 
namely — 

+ - - 

Cl + 2l ^ Cl H- Ig 

The existence of positive chloiine in the chloi amines is 
further attested by a leaction foi then piepaiation, namely, the 
action of hypochlorous acid upon amines These reactions have 
been shown to be reveisible — 

“ — 

RgN.H + HO. Cl ^ RgN Cl H . OH. 

Furthermoie, moleculai chloiine is libeiated when the chloiamines 
interact with hydrogen chloiide * — 

— + “i" -I- — 

RgN Cl + H Cl RgN . H H- (Cl . Cl = CU) 

Othei lemarkable pioperties of the chloiamines which have a 
direct bearing upon the constitution and elect! onic formula of 
benzene will be considered later 

D. Positive Bromine, Iodine, and Cyanogen. 

Halogens othei than chloiine manifest the propel ty of 
electronic amphotensm This is shown by a number of 
hydiolytic reactions Thus tetrabiomomethane and tetraiodo- 
methane yield biomoform and lodofoim lespectively : — 

+— -4. — 4. 

Br3C.Br 4- H.OH ^ BrgC H + HO . Br 

— —4. — .j- 

I3C I + H OH r,C.H + HO I. 

Hypobiomous and hypoiodous acids lespectively embody positive 
bromine and positive iodine. 

Iodine monochloiide yields hydiogen chloride and hypoiodous 
acid in which chlorine and iodine are respectively negative and 
positive — 

I. Cl + H OH H.Cl H- iFo. I 

Nefs^® obseivations that (i) chlorocyanogen yields hydiogen 
chloride and cyanic acid, while (2) lodocyanogen gives hypoiodous 
and piussic acid, show that the cyanogen radical, similaily to the 
halogen atoms, may function eithei positively or negatively ^ — 

(1) Cl (?N + H . on ^ H Cl + I-IO CN. 

( 2 ) 'i.CN + H.OH HO. I + H.clsr. 

3 
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Thus, there are numerous instances amongst coinpoiUKls 
classed as non-electrolytes m which polaiity of atoms and uulicals 
is definitely manifested These examples ate leadily mlcipictcd 
and correlated in terms of the electionic conception of positive 
and negative valences The reactions just cited aic but a few 
of the notewoithy examples of electionic amphoteiism. Oidinaiy 
equations and customary foimulse do not reveal the significance 
of these relationships. 



CHAPTER V 


THE NASCENT STATE 

The so-called “nascent state” is intimately lelated to, and may 
be interpieted in terms of electronic amphotciism Nascent 
action, according to common usage, is a term foi “ all those 
phenomena m which a substance at the moment of its libeiation 
from compounds performs reactions it is incapable of in its 
ordinary condition”. Thus, to cite a simple and well-known 
case hydrogen has no action on silvei chloride suspended in a 
liquid thiough which it is bubbled , hydrogen evolved within the 
liquid, electrolytically oi by action of metals, pioduces metallic 
silver, hydrochloric acid being formed at the same time 

Concerning the various inteipietations which have been 
proposed for such leactions, Alexander Smith 2“ writes as follows 
“ The teim nascent hydrogen is used in different senses in a 
veiy confusing way. (i) It may mean nascent, hteially, that is, 
newly born or liberated. (2) It is used also to mean diffeient- 
from-ordinary, or, in fact, an allotiopic form of hychogen (3) It 
is often limited to mean one particulai allotiopc, namely, atomic 
hydrogen (4) It is used by Haber and others . to mean 
hydrogen activated by contact with a metal (5) Finally, its 
activity IS explained as being due to the laigei amount of free 
energy contained in zinc plus acid plus 1 educing agent, as cora- 
paied with \h&free hydiogen plus reducing agent The last is 
identical with the explanation of the activity of oxidizing agents 
The woid nascent is, of course, a misnomei, excepting in con- 
nection with (i).” 

A more compiehensive and conciliatoiy view of the nascent 
state and of nascent action may be developed in teims of the 
electronic conceptions of oxidation and reduction. Oidinaiily, 
hydiogen functions positively while chlorine functions negatively, 
but in ceitam compounds, or undei special conditions, previously 
described, hydrogen may function negatively and chlorine posi- 
tively Furthermore, negative hydrogen has been shown to act 

35 3 » 
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as a reducing agent since it natuially tends to reveit to its moie 
stable state, positive hydrogen, through the liberation of elections 
(I)- 

(1) H H + 2 0 . 

On the other hand, positive chlorine acts as an oxidizing 
agent, since it naturally tends to become negative by actjuisition 
of elections (2) — 

4. — 

(2) Cl + 2 Cl 

A closer analysis shows that an electncally neutral ^iate, i.e., 
the atomic state, is a condition to be consideied in the above 
tiansitions (i) and (2) This is shown in the following schemes 
(3) and (4) respectively — 

(3) H H + © , H H + @ 

(4) Cl + 0 -> Cl , Cl + 0 Cl 

Now, if the atomic state and the nascent state aie to be 
regarded as synonymous, then they may be defined, flora the 
electronic standpoint, as an unstable condition which manifests 
not only an adaptability but also a tendency eithei to gam 01 to 
lose electrons and thereby attain a moie stable condition. This 
tendency, however, can not be limited to the atomic state of an 
element, since not only atomic or neutral hydrogen, but also 
negative hydrogen tends to lose elections. A sui vcy of equation.s 
(i) and (3) indicates that a negative hydiogen atom may be moie 
potent as a reducing factor than a neutial hydiogen atom since 
the former yields two electrons and the lattei only one in the 
transition to the positive state. The activity of negative hydi ogen 

as a reducing agent has been illustiated by the action of sodium 
+ ~ 

hydnde (Na H) upon carbon dioxide. The pioduct of the 
reduction is sodium formate It may also be concluded that 
either negative or neutral hydrogen atoms produced at the 
cathode may function as the active 1 educing agent in the so- 
called electrolytic reductions 

On the other hand, positive chlorine is a more potent 
oxidizing agent than is atomic or neutral chlorine since the 
former unit may combine with two electrons while the latter 
unites with only one in the transition to negative chlorine, a.s 
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indicated in equations (2) and (4) above It has just been 
shown, in the preceding chapter, that the formation of positive 
chlorine ions at the anode would account for the liberation oi 
o:K:ygen during the electrolysis of very dilute solutions of hydio- 
chloric acid (low hydrogen ion concentration) accoiding to the 
a-hbreviated equation — - 

+ - -i- - 

2CI + 2OH gH -h 2CI h O2 

Theiefoie, fiom these buefly developed points of view, the 
i^ictscent state may be defined moie compiehensively as an unstable 
conclztton of a substance which manifests both an adaptability and 
^ tendency to lose elect Fons^ or to gain electrons and thereby revert 
to ct more stable condition If the substance (ion^ atom, or compound) 
doses electrozis it acts as a reducing agent If it combines with 
electT^ons, it acts as an oxidiBing agent As a matter of fact, 
practically all actions classed as “nascent^' are of an oxidation 
Of a reduction type 

This conception of the nascent state selves as the basis for 
a.11 interpretation of the existence and the properties of ‘*fiee 
radicals to be fully consideied in a later chaptei It will be 
shown that free radicals may be defined as electrically neutral 
cT^tojus or molecules which are capable of developing either positive 
on negative valences depending upon ceitain conditions which 
affect the loss or gain of elections 



CHAPTER VI 


IONIC AMPHOTERIRM 

Elements which gam oi lose electrons and Iheieby function in 
different ways are termed amphoteiic Compounds aie desig- 
nated as amphoteric when, through diffcient modes of ionization, 
they function either as acids or as bases. Accoidingly, elcitio7ni 
amphotensm relates to elements while ionic amphotcrism i elates 
to compounds It is essential to subsequent developments to 
consider bnefly the phenomena of ionic amphotensm fiom the 
point of view of the electronic formulae of amphoteiic com- 
pounds 

While hydrogen may function negatively and oxygen posi- 
tively, It will be found that in the electionic foimulm of most 
compounds the hydrogen atoms manifest one positive valence 
while the oxygen atoms display two negative valences. The 

+ s 

simplest illustration is that of wateijH O H II -i- Oil 

Though very slightly dissociated, water displays ionic amphotciisin 
in yielding positive hydrogen ions, characteristic of all acids ; 
and negative hydroxyl ions, typical of all bases. Thus, water 
has the unique distinction of functioning both as a veiy woalc 
acid and a veiy weak base 

Ionic amphoterism^" is manifested by both acids and ba.se.s 
(metal hydroxides) Stieglitz^’^ maintains that “ pionounced 
amphotensm is shown by a large number of metal hydroxides ; 
it is, perhaps the rule rather than the exception ’’ It should be 
added that many acids also show pronounced ionic ampholerism 
as is evident from the distinctive types and products of inter- 
action Foi example, hypochlorous, nitiic, and sulphuric acids 
yield not only (i) positive hydrogen ions but also (2) negative 
hydroxyl ions. From this point of view, the electionic formuhe 
of these acids and their ionization, either (i) as an acid, or (2) 
as a base, respectively, are indicated in the following schemes — 

38 
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+ - - 
H — o — Cl 




-,o 




H~0^ 



ft H 

OCl 

1(2) 

iTo 

H C^l 

Ml) 

•+ 

H H 

ONOj 

1(2) 

HO * 

(- n\ 

Ml) 

1 

H + 

SO4H — y 2^1 Hx 50^ 

M2) 

HO -f- 

SOyi — y 2HO +. 


A general electronic foimuk may now be employed for each 

+ ”•-+ ++ + 
of these acids, namely, H—0 X, in which X = Cl, NO^j, 

or SOgH 


In neutralization leactions HOX, dissociating as an acid, 
interacts with bases, say NaOH, according to the ionic scheme 
foi double decomposition leactions — > 


H- 


Na- 


1 1 

0 

1 1 

1 + 

-r- 

H + 

OX 

—0 H 


HO 

Hh 

Na 







+ — — 




tn 

0 

1 

Na 0— 


-X 


On the other hand, when hypochloious acid acts as a chlorin- 
ating agent, or when nitiic acid ac'ts as a nitiating agent, oi 
when sulphuric acid functions as a sulphonating agent, the acids 
dissociate as bases The chloiination, nitiation, or sulphonation 
of benzene likewise would confoim to the ionic scheme foi a 
double decomposition leaction * — 


Hh — 4- 

H 0 -- - V 


HO * + 

4* 

X 

+ 


CjHj.H 

5^ 

H + 

CsHb 




ir 



H 0 H 

CbH,- 


The preceding schemes illustrating (i) acid and ( 2 ) basic 
dissociation of HOX aie summarized in the following reactions . — 
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+ — H — 

(1) H OX -4- Na , OH H , OH + Na OX 

_ 4 , ^ ^ __|. 

( 2 ) HO.X + CgHg.H H OH + Cgllr, X, 

It should be noted that in direct substitution leactions, i*e , 

-I- I- 

when X replaces H as in equation (2), X usually leplaces U 

Such a change involves neither oxidation noi reduction The 
substituent, however, may, subsequently, under ceitain conditions 
function negatively In such instances (to be piescnted lateO 
the compound CgHg X manifests the phenomena of oleclioinc 
- + + - 

tautomerism (CgHg . X CJig X) 

The oxidizing action of certain oxygen acids is due un- 
doubtedly to their capacity to ionize as bases The oxidi/hig 
action of hypochlorous acid has been explained in teims of its 

- 4 - ^ 

basic ionization, HO . Cl ==5^: HO + Cl, and the tendency of Cl 
to revel t to Cl, thus — 

+ "" 

Cl 4 * 2 0-^ Cl. 

The oxidizing action of nitiic acid may be attiibuted tu 
basic dissocation For example, the oxidation of a feiious salt 
is usually lepresented by the molecular equation — 

2FeS0^ + HoSO^ + 2HN0^ ^ + 2 X 1 ^ + ^NOy. 

4 - - 4, 

If the nitric acid ionizes as a base, HO NOjj HO h- NOo, 
then the above equation may be written lonically as follows , — - 

+ + — + — - 4- 4-41 

aFe + 2SO4 + 2H + SO4 + 2HO + 2 N 0 a -> uiVa + 

+ 2H2O 4- 2NO2 

Eliminating the 10ns common to each side of the above 

4 - — 

reaction as well as the H and OH ions which foi in water, the 
following simple equation remains — 

Fe'^ + NO, NO,. 

The positive ion, NO^ (resulting fiom the basic dissociation 
of nitric acid) is discharged by an electron from the feiious ion 
+ + + ^ 

Fe Accordingly, NOj is reduced to neutial or molecular 
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"! 4 * 

NOg which passes off as a blown gas. Concomitantly, Fe is 
4 + 4 

oxidized to Fe If sulphuric acid weie not used m the 

above reactions, its part in supplying positive hydiogen 10ns 
would be played by the acidic ionization of the mtuc acid. 

As to sulphuiic acid, when coppei interacts with hot con- 
centrated sulphuiic acid accoi ding to the equation Cu + 2Hi>SO^ 
== CuSO^ 4 - 2H2O 4 SOj, one molecule of the sulphuiic acid 
undeigoes (i) acidic ionization, the other undergoes (2) basic 
ionization and (3) the metal coppei becomes ionic thiough the 
loss of two electrons — 

(1) H^so, 1 + 

(2) (H0)aS02 UHQJ 

(3) Cu 

4 — 4 4 

Cu + aHjSO^ gH OH + Cu , SO, + 80,^. 

-j, 

The positive ion, SO2, is 1 educed to the neutral state and 
libeiated as sulphui dioxide gas. Concomitantly, metallic 

4 4 

copper is oxidized to the lopic state, Cu The summation 
of (2), and (3) gives the complete equation foi the reaction- 
Many other leactions aie readily intei preted in terms of the 
ionic amphoterism of acids Subsequent applications of the con- 
ception of positive and negative valences will involve the pun- 
ciples of electronic and ionic amphoterism, and the nascent state 
as outlined in this and the piecedmg chaptei 





PART II. 

THE ELECTRONIC FORMULA OF BENZENE SUBSTITU- 
TION IN THE BENZENE NUCLEUS 




CHAPTER VII 

THE CONSTITUTION OF BENZENE, 

A. The Benzene Theory. 

In 1865 Kekul^^® pioposed his well-known foimula for benzene, 
involving the assumptions that the six carbon atoms in benzene 
form a closed chain 01 nucleus^ that the molecule is symmetrical^ 
and that each carbon atom is diiectly united to one and only 
one atom of hydiogen These assumptions are embodied in 
the partial structural formula : — 

H 

\cAc/« 

i i 

\H 

ll 

which, however, does not take account of the fourth unit of 
valency of the caibon atoms in the nucleus. The disposition of 
the fourth valence has been the occasion of extended discussion 
and speculation 

Since 1865 a vaiiety of benzene foimulsehave been pioposed, 
foremost of which are the following the unsymmetiical foimula 
of Sii James Dewar (1865), the diagonal formula of A Claus 
(1867), the piismatic foimula of A Ladenburg*^^ (1869), the 
“cenliic formulae’' of H E Aimstiong^^ (1887), and Baeyer^^ 
(1888) In addition to the foregoing plane foimulae, a number 
of steieochemical configuiations of the benzene complex are 
noteworthy the octahedial foimula of Julius Thomsen (1886) , 
W Vaubel’s configuiation (1894) ; the Sachse model (1888) , 
the dynamic foimulae of J. N, Collie (1897); the device 
of B. Konig^^ (1905) 

It IS not the purpose of this monogiaph to discuss the 
characteristic features of the foregoing benzene theories. Their 

45 



46 THE ELECTRONIC CONCEPTION OF VALENCE 


respective merits or dements can be determined by a caiefiil 
study of the references cited, which will leveal the fact that none 
of the proposed foimulae is accepted as complete H. E. Arm- 
stiong®® summarizes the situation as follows* “The deteimina- 
tion of the ^stmctuie* of this hydrocaibon [benzene] has given 
rise to a large amount of paper warfare Two tendencies may 
be said to have been biought out in the course of the discussion 
on the one hand, the desire to airive at a deteimination of the 
actual stiucture, on the other, the desiie to devise foimulm 
which shall be faithful to the functional behaviour and bioadly 
indicative of the structuial relationship of the constituent ele- 
ments The lattei is perhaps the tendency which is now in the 
ascendant we aie beginning to realize particulaily in the case 
of caibon compounds that foimulae are piimaiily expiessive of 
behaviour — being based on the obseivation of behaviour 

Notwithstanding these developments, we are still confiontcd 
with the fact that none of the proposed foimulae foi benzene has 
lent itself to a uniform systematic explanation of substitution 
in the benzene nucleus and the many anomalous leactions of 
benzene and its derivatives. The foremost authority on the 
pioblem of substitution in the benzene nucleus, A F Holleman,^^ 
has recently written as follows “ Notwithstanding the fact that 
the pioblem of substitution in the benzene nucleus has been 
studied intensively enough of late, there still lemains a funda- 
mental question which has not yet been solved , it is the question 
of knowing the leason why such or such group diiects a newi 
substituent chiefly to the paia-ortho positions oi chiefly to thel 
meta position * 
The great vaiiety of benzene foimulse and then maiked de- 
ficiencies in interpreting and correlating the behaviour of benzene 
and its deuvatives, especially the substitution reactions, has led 
to the generally accepted conclusion that tke constitution of thei 
benzene nucleus presents a remarkable case which must he dealt\ ^ 
With in the formulation of any complete theory of valence. Hence, j 
a critical test of the utility of the electronic conception of positive 
and negative valences may be made by applying the pimciples 
developed in the preceding chapters to the constitution of the 
benzene nucleus. An electronic foimula for benzene is thereby 
deiived. No claim whatever is made that this electronic foimula 
lb the final solution to the manifold problem of the constitution 
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of benzene, but it will be shown that the electronic foimula of 
benzene and the underlying principles of the electionic conception 
of valence affoid a means of interpieting and coiielaling many 
hitherto unexplained chemical, physico-chemical, and steieo- 
chemical pioblems presented by benzene and its derivatives. 

B. The Electronic Formula of Benzene. 

In the benzene foimulse pioposed by Kekul6, Claus, Aim- 
stiong, and Baeyer, lespectively, two of the units of valency of 
each of the six caibon atoms function in the formation of a closed 
homocyclic ring or benzene nucleus The thud unit of valency 
engages a hydiogen atom The disposition of the fouith unit 
of valency led Kekul6 to piopose the existence of three “ olefin ” 
or double bonds in the ring. It is conceded that these aie not 
of the same nature as the double bonds in the hydrocarbons of 
the olefin series In the Claus and Ladenbuig foimulae, the 
fouith unit of valency, oi bond, is lepiesented as diiectly united 
to three othei caibon atoms In the Aimstrong and Baeyer 
centric” formulae the fouith unit of valency is directed towaids 
a centre This signifies that the six caibon atoms of the img 
have a general atti action for one anothei but they aie not directly 
united in the usual way by the fourth unit of valency To what 
configuration, then, is the electronic conception of valence to be 
applied in order to derive an electionic formula for benzene? 
The configurations just noted aie plane and static a compie- 
hensive benzene configuration must be stereochemical and 
dynamic 

In a discussion of the meiils of the vaiious space foimulae of 
benzene, Stewait^^ states that “the objections biought against 
the older types of space foimulae show that any advance in this 
blanch of the subject must follow the lead given by Kekul6 
when he adopted the idea of a system m vibration as the best 
repiesentation of the benzene molecule At the present day, 
the idea that benzene is one paiticulai substance which can be 
repiesented at all times and undei all conditions by the same 
iigid formula finds veiy few suppoiteis among those who have 
studied the question thoioughly It is becoming generally 
liecognized that the benzene molecule is in a state of continual 
jvibiation, and that the only satisfactory space foimula will be 
one which lepiesents all the othei formulae as phases of its own 
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motions, and which may even suggest the possibility of new 
phases as yet unrecognized The mam outlines of such a foi mula 
have been indicated by Collie/^ and it seems piobable that any 
space formula of benzene which may be proposed m the futiue 
will agree with his in essentials 

Collie’s well-known space formula of benzene compiiscs a 
system of six carbon atoms (tetrahedra) each united to a 
hydiogen atom Movement in this system can take place in 
two ways (i) Movement of each tetrahedron about its centre, 
(2) movement of each tetrahedion about the centie of giavity of 
the whole system The plane projections of the symmetiical 
configurations rendeied possible are represented by Collie as 
follows — ' 



First phase Kekule’s Centric Kekule’s Last phase 

formula formula formula 


As Stated by Stewart/^^ ‘'this space formula for benzene, 
theiefoie, is in complete accord both with the Kekul^ and the 
centric formula, showing that they are mutually conveitible 
into one another It also shows how the supposed double 
linkages of the Kekiil6 foimula shift between the carbon atoms, 
rendeiing the existence of two 6i-toluidines impossible Bui it 
differs from both in that in two out of five configuiations Ihcie 
are two distinct sets of hydrogen atoms ” The Collie 
formulae are “in perfect accord with the formulae of Ladenbuig, 
Claus, or Dewar, or that of Baly, Edwards, and Stewart. This 
adaptability is not possessed m any degree by pievious space 
formulae, and it is this which makes the Collie foimula superior 
to the others.” 

If this pie-eminence be granted to the Collie space foimula, 
then it is the formula to which the electiomc conception of 
valence should be applied in order to deiive the most compre- 
hensive electronic formula for benzene. In making this apphea- 
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tion it will be sufficient, foi the piesent, to considei in detail the 
constituent atoms of only one of the five inteiconveitible phases 
of the plane piojections of Collie’s space foimulae, namely, the 
centric foimula The deiivation of an electionic foimula fiom 
the centric foimula will now be considei ed. 

The quadiivalent caibon atom may function electionically in 
five different ways — 


-H 




- 

+ C -f- 

~ C + 

- C -f 

- c - 

- c - 

+ 


- 



I 

II 

Ill 

IV 

V. 


If benzene nuclei (centiic formulae) aie composed of these 
seveial types of caibon atoms, each nucleus consisting of thiee 
pans of the combined types I and V , II and IV., and III and 
III, symmetucally co-ordinated, then six and only six centuc 
electionic foimulse, oi clectromers, aie possible. They aie as 
follows (A — F) — 



It has been noted that theie aie five plane projection foimulae 
of the Collie space formulae foi benzene of which the centric 
formula is one. Now since there are six centric electronic 
formulae for benzene, (A— F), it follows that there aie six 
timoo as many electionic foimulae for benzene as theie aie plane 
formula m the Collie system. If we disiegaid the double bonds/ 
of the Kekul6 formula and the centric bonds of the ceiitrid 

A 1 
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foimulse, an abbreviated electronic foimula foi benzene is lepre- 
sented thus — 


Hi 


H H 


This formula is typical of each of the possible electronic 
formulae oi electromers of benzene Whjle it has been deiived 
in an a pnori manner, so to speak, theie are, neveitheless, pio- 
nounced reasons for its pioposah These reasons are embodied 
in the following distinctive characteristics. 

(1) If the hydrogen atoms in positions i, 3, and S are negative, 
those in positions 2, 4, and 6 aie positive Or, since the electionic 
formula is perfectly symmetrical, if the hydrogen atoms in posi- 
tions I, 3, and 5 function positively, then those in positions 2, 4, 
and 6 function negatively 

(2) The Kekul6 and Centiic formulae of benzene fail to show 
any structural basis foi the relationships existing between ortho- 
and para-positions in contradistinction to the meta-positions. 
The electronic formula shows at once that if a given hydrogen 
atom or substituent is negative, then those hydrogen atoms or 
substituents ortho and para to it aie each positive, while those 
meta to it are each negative Or, if a given hydrogen atom or 
substituent is positive, then those atoms oi substituents oitho 
and para to it are each negative, while those meta to it aie each 
positive. 

(3) Fiom the foregoing, it is evident that the electronic 
foimula for benzene presents, the basis for a definite sub- 
stitution rule, namely, when substituents are of the same sign or 
polarity they will occupy positions which are meta to each other . 
if two substituents are of opposite sign or polarity they will occupy 
positions either ortho or para to each other 

(4) Collie’s space foimulm foi benzene, the plane projections 
of which have been noted, show, in two of the five phases, the exist- 
ence of two sets of hydrogen atoms, namely, the i, 3, 5- and the 
2, 4, 6-set Concoidantly, theie exists in every electionic formula 
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foi benzene a i, 3, 5- and a 2, 4, 6-set of hydiogen atoms, the 
one set being of opposite sign or polarity to the other set The 
existence of two sets of hydiogen atoms enabled Collie to pie- 
sent a stereochemical explanation of the Cium Brown and 
Gibson Rule foi the foimation of di-substituted derivatives of 
benzene The electionic foimula of benzene affoids an entiiely 
new mteipietation of this lule and explains why ceitain mono- 
substituted deiivatives of benzene yield chiefly oitho- and paia- 
di-substituted compounds, while other mono-derivatives yield 
chiefly meta-di-substituled pioducts Many other anomalous 
leactions of benzene and its derivatives find an interpretation 
in the electionic foimula and the conception of positive and 
negative valence. 

(5) The electionic formula of benzene m conjunction with 
vthe principle of electionic tautomerism affoids an explanation of 
I the simultaneous foimation of ortho-, paia-, and meta-substituted 
i deiivatives of benzene. 

(6) The electronic formula of benzene permits the develop- 
ment of corielations with the additive and constitutive effects 
which are appaient in the molecular volumes of certain benzene 
deiivatives 

(7) Phenomena of light absorption and fluorescence are 
interpreted in terms of the existence of electiomers in dynamic 
equilibrium 

The electronic foimulae of benzene, naphthalene, anthracene, 
and phenanthiene, and the systems of dynamic equilibiia of then 
vaiious electiomers will be presented in Part III , after the 
chemical piopeitiesof benzene and its deiivatives have been fully 
consideied 
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CHAPTER VIII 


THE ANOMALOUS BEHAVIOUR OF SOME DERIVATIVES OF 
BENZENE. 

It IS the purpose of this chapter to show that many hitheito 
unexplained reactions of certain derivatives of benzene may be 
correlated with and interpreted in terms of the electronic foimula 
of benzene and related conceptions of positive and negative 
valence 


A. Ortho-, Para-, and eta-Chloromtrobenzenes, 

Why does(i) chlorobenzene, on nitiation, yield only ortho- 
and para- chloionitrobenzenes while (2)nitiobenzene, on chloiina- 
tion, yields only meta-chloroiiitrobenzene ? Before an answer is 
proposed, it is expedient to consider the nitration of benzene. 

+ 

When benzene is diiectly nitiated, i e , interacts with HO NO^, 
in which leaction nitric acid undergoes basic dissociation, mono- 
nitrobenzene IS foimed accoiding to the electiomc scheme — 


H 


+ /\ + 


Hi 


H 


H\/. 
H + 


-* + 
HO NOa 


H 


H 


Hi 


B. 


iHO, 


\/ 

H + 


H 


+ — 
H OH 


) The positive nitro radical of nitiic acid replaces a positive 
lliydiogen atom of the benzene nucleus. It is thus that all direct 
^ j \suhstitution reactions effect the introduction of a positive substituent, 

; This positive substituent may, subsequently, function negatively 
accoiding to the principle of electronic tautomeiism, to be de- 
scribed fully in a later chapter. Now it is well known that 
'' mononitrobenzene on nitration yields meta-dimtxohtni^nt Ac- 
cording to the electronic formula for mononitiobenzene the sub- 
stitution of another positive nitro radical can take place in the 
meta position only since the positions meta to the nitio radical 

5 ^ 



BEHAVIOUR OF SOME DERIVATIVES OF BENZENE S3 


aie occupied by positive hydrogen atoms Hence the formation 
of meta-dmitrobenzene conforms to the electronic scheme * — 


H 


+/\ + 


Hi 


NO. 


— + 
HO NO, 


H 

+ /\ + 
TY/ 


Hi 


INO, 


H OH 


H'x^yil H^/H 

H+ NO 2 + 

Having noted the electionic explanation of the nitration of 
benzene and of niti obenzene, we can inteipret (i) the nitiation of 
chlorobenzene, and (2) the chlorination of nili obenzene as fol- 
lows. (i) Chlorobenzene, on nitiation, yields oitho- and paia- 
chloronitrobenzene The electronic foi mula foi benzene indicates 
that substituents occupying positions eithei oitho 01 para to each 
other aie of opposite polarity. Nitiation, as just noted, effects 
the substitution of a positive nitio ladical Theiefoie, the 
chlorine atom in chlorobenzene must be negative, otheiwise 
ortho- and para-chloionitiobenzenes would not be formed Thus, 
one concludes that the nitration of chloi obenzene confoims to 
the following electronic scheme in which the positive nitro 
radical assumes positions ortho and paia to the negative chlorine 
atom — 


Cl 


+ 4- 


H 


H - + 

+ HO NO. 


H\yH 

H + 


Cl 


+ + 


Hi 


NOa 4- - 

4-- H . OH 


H + 


Cl 

N +/\ + 

^ Hi iH 


H 


\/H 
NO,+ 


4 - — 

4- H . OH 


(2) On the other hand, nitrobenzene on chlorination yields 
only meta-chloromti obenzene The nitio ladical in nitrobenzene 

4- — 

is positive The action of chloiine, Cl . Cl, upon nitrobenzene, 
a direct substitution, effects the introduction of a positive chloiine 
atom , the positive hydrogen atom thus replaced combines with 
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the negative chloime atom yielding hydiogen chloude H Cl, 
Accoiding to the electionic formula of benzene the positive nitio 
radical and the positive chloiine atom, being of the same sign, 
must occupy positions meta to each other In fact, meta- 
chloronitiobenzene is the product of the chloimation leaction 
which conforms to the following electronic scheme — 


H 


4 * 

H 


/\ + 

■ -NOo 


H- “ 
Cl Cl 


H + 


H 


+ /\ + 

r\\{ 


Cli 


NO, 


1 

H Cl 


H\/H 
H + 


Thib leaction is perfectly similar to the nitiation of nitio- 
benzene in each instance a meta-dideiivative is formed 

The mterpietations of the preceding reactions (i) and (2), 
in terms of the electionic formula of benzene indicate that the 
chlorine atom is negative m ortho- and in para-chloionitiobenzene 
while in meta-chloronitrobenzene it is positive Is theie any 
other experimental evidence to substantiate these electronic 
formulae of oitho-, para-, and meta-chloionitrobenzenes? 

The experimental verification is found m the appaiently anom- 
alous behaviour of oitho-, para-, and meta-chloioiiitrobenzenes 
when heated with alcoholic solutions of potassium hydi oxide, 
+ — 

K OH The oitho and para compounds, but not the meta, aie 
found to undergo complete hydrolysis, exchanging then chloune 
atoms for the negative hydroxyl ladical Oitho- and para- 

+ — 

nitrophenol and potassium chloiide, K Cl, are the piodncls of 
the reaction Therefoie, the chlorine atoms in oitho- and para- 
chloionitrobenzenes aie negative and then mter-ieactions with 
potassium hydi oxide takes place as follows — 


Cl 


+ /\ + 


H 


H 


NO, 


\/ 
H + 


K 


Cl 


Tjr r > T T 


H 


H 


H 


\/ 

NO,+ 


H 


+• — 

+ K OH 
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OH 
H /\ + 

rrl \xT, 


Hi 


H 


NO, 


\/ 

1-1 + 


H 


OH 


+ /\ + 
Tjrr \tt 


H 


H' 


H 


H 


NO^ + 


- 1 - - 
K 01 


On the other hand, since meta-chloioniliobenzene does not 
exchange its chlorine atoms foi negative hydioxyl, it follows that 
the chloiine atom in the meta compound is not negative 
Theiefore, it is assumed to function positively (Fiuihei evi- 
dence that positive chloiine in the benzene nucleus lesists removal 
in hydrolytic leactions is piesented in Section C of this chaptei ) 
The biomonitiobenzenes aie exactly similar in then behaviour 
to the chloronitiobenzenes Hence, the electionic formulae foi 
the chloio-, bromo-, and hydioxy-nitrobenzenes aie siimmaiized 
as follows (X = Cl, Br, or OH) — 


X 

+/\ + 


NO, 


\/ 
H + 
ortho 


H 


X 


Tlf >TT 


H 


H 


H 


\/ 

NO2+ 

para 


H 


H 

+ /\4 

xrf 


xi 


NOn 


H‘\yH 

H + 
vieta 


The mteipretalions and coirelations herewith piesented m 
teims of electionic foimute are not possible in terms of the 
ordinal y structuial formulae commonly employed in the past 


B. Action of Halogens upon Silver Benzoate. 

Silvei benzoate leacts leadily with liquid bromine, and 
violently with iodine at a tempeiature of 15 o'* The pioducts 
are meta-bromo- and meta-iodobenzoic acids and silvei bromide 
and iodide lespectively (X ^ Bi or I) 

H|^\cOOAg Xf^NcOOII 

Xg I I 1—^ A gX + j I 

\/ \/ 


Why does the halogen atom which enters the ring assume a 
position meta to the carboxyl m preference to an ortho or para 
position ? According to the electronic conception of positive and 
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Therefore, the enteimg positive halogen atom, in substituting a 
positive hydiogen atom, must likewise occupy a position meta to 
the positive caiboxyl ladical This leaction and the electionic 
formula of benzene aie thus corielated Fuitheimoie, the dis- 
sociation of the halogen molecule into positive and negative 
paits, as indicated in the above equation, is a confiimation of 
the idea suggested at an earlier date by W A Noyes that if *' 
we suppose what seems not to be improbable, that all reactions ! 
involving the decomposition of molecules aie pieceded by an. 
ionization of the parts of the molecules, it would follow that I 
elementaiy molecules as well may ionize into positive and 
negative paits ^ 

C. Transference of Radicals from the Side-Chain to the 

Nucleus. 

Vaiious isomeiic changes, stereochemical leairangement re- 
actions, may be explained in terms of the electionic conception 
of valence and the electronic foimula of benzene The lemark- 
able reariangements chaiacteiistic of the substituted nitrogen 
halides investigated by Chattaway and Orton aie of particular 
Intel est. For example, acetanilide on tieatment with hypochloi- 
ous acid yields phenylacetylniliogenchloiide which is readily 
transfoimed into /^m~chloroacetanihde This on treatment with 
hypochloious acid gives paia-chlorophenylacetylnitrogenchloiide 
which IS tiansfoimed into 2 4-dichloroacetaniIide Proceeding 
thus, the final product is 2 • 4 6-tiichloroacetanilide which will 
not undergo rearrangement These successive changes are sum- 
mauzed in the following scheme in which R ~ foimyl, acetyl, or 
benzoyl, X = Cl 01 Bi — - 


RNH 


RNX 

RNH 

RNX 

/\ 

HOX 

. 1 1 1 ■! 

/\ 

I 1 

HOX 



/\ 

\/ 


\/ 

\/ 

\/ 




X 

X 

RNH 


RNX 

RNH 

RNX 



I^'^x X 

'^'^x 

x/> 


HOX 


HOX 


\/ 


\/ 



\/ 

\/ 

X 


X 

X 

X 


Why does the entering halogen atom invariably migiate to 
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a position in the nucleus para or oitho to the ammo group, pio- 
vided these positions aie unoccupied? Aniline as a deiivative 
+ — — + 

of ammonia, H N H, may be lepiesented by the abbicvi- 

-I- 

H 

4 - — 

ated elect! onic foimula, NHg The radical NHg is 

negative and accoidingly must occupy the position of a negative 
hydiogen atom of the benzene nucleus The halogen atom in 
hypochlorous oi hypobiomous acid (X = Cl or Bi), has been 
shown to function positively and its interaction with an anilide 
to confoim to the reaction — 

R R 

CjHb N H + HO X CbH, N— X + H . OH. 

The following moie comprehensive electronic foimiiU foi 
phenylacylnitrogenhalide follows — 



Theiefore, m the piocess of tiansfoimation into a less labile 
isomeiide, it is self evident that the positive halogen atom can 
exchange positions only with a positive hydiogen atom of the 
benzene nucleus, i e , in passing fiom the nitrogen atom to the 
nucleus it must assume either the para oi ortho positions with 
respect to the attachment of the N Ha - oi RNH - radical which 
functions negatively When the para and both oitho positions 
aie occupied, as in 2,4, 6- tribromoacylmtiogenbiomide, one finds 
that rearrangement is theoretically impossible from the point of view 
of the electronic formula and it cannot be effected experimentally . 
This two-fold conclusion constitutes a proof of the identity of 
polarity of the positions 2, 4, and 6, of the benzene nucleus, each 
of which IS occupied by a positive chlorine atom in the trichloio- 
or tnbromo-phenylacylnitrogenhalide Furthermore, the posi- 
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tive chloiine atoms of the nucleus lesisl hydiolysis and in this 
lespect lesemble the positive diloiine atom in metachloronitio- 
benzene which does notundeigo hydiolysis On the othei hand, 
lecall that the chlorine atoms are negative in oitho and paia 
chloioiiitiobenzenes which compounds aic completely hydiolyzed 
yielding lespcctivcly oitho and paia nitiophenols 

Aniline and phenol, on biomination, aie quickly and quantita- 
tively conveited into 2, 4, 6- tiibromoaniline and 3 , ^|, 6- tiibiomo- 
phenol, 1 e , the bromine atoms occupy positions in the nucleus 
ortho and paia to the amino and hydioxyl radicals in the 
respective compounds These leactions aie identical in their 
natuie to the rearrangements which characterize the substituted 
nitrogen halides The explanation of these changes in teims of 
electronic foimulae aie also identical m principle and method 
This follows fiom the exact similarity existing between the 
electronic foimulae of aniline and phenol — 

h±_:n~h o— h 




The negative amino ladical of aniline and the negative 
hydioxyl radical of phenol each contains a positive hydrogen 
atom which IS leplaced by a positive biomine atom on intei action 
with fiee biomine or hypobromous acid On leairangement, 
the positive bromine atom can assume only those positions in 
the nucleus which are occupied by positive hydrogen atoms 
these are the positions ortho and para to the negative ammo and 
the negative hydroxyl fadtcals. Consequently, these substitutions 
and leairangements, following in rapid succession, conform to 
the scheme indicated foi the substituted nitrogen halides , the 
final products aie 2, 6- tribromoanihne and 2, 4, 6- tiibiomo- 

phenol — 
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HNH OH 



Many other reauangements involving tiansfeience of ladicals 
from the side-chain to the nucleus, i e, fiom nitiogen to nuclear 
carbon, conform to the pieceding interpretation. The folloAVing 
examples aie notewoithy* Hofmann and Mai tins found that 

the hydrochloride of aromatic methylamino compounds at 250'’^ 
350° suffered tiansference of the methyl gioup from the niliogen 
to the ortho and para caibon atoms of the nucleus Thus, 
monomethylamline yields oitho-toluidine and para-toluidme, 
4 and lepetition of the process lesults finally m the formation of 
2, 4, 6- cumidine — 


NHo 


+ /\ + 

f \r\r‘ 


CH, 


CHo 


CH8+ 

The mtrosamine of monomethylamline, accoiding to Fischer 
and Hepp^"^ yields para-nitiosomethylaniline, and, in similar 
fashion, phenylmtramine, according to Bambeiger,^® changes to 
ortho- and para- nitraniline. The well-known benzidine and 
semidme conversions, and a variety of rearrangements to oitho 
and para positions encountered in the synthesis of many dye- 
stuffs conform to, and therefore, confirm the electionic formulm 
of benzene and its substitution products It is electronic foimuke 
only which indicate the way in which these reauangements take 
place ordinary structural formulae do not lend themselves to 
an inteipietation of these apparently anomalous leactions 


D. Positive and Negative Carboxyl Radicals. 

Some carboxyl radicals of certain derivatives of benzene 
leadily suffer decomposition with the elimination of carbon 
dioxide — 

R COgH R H + COg. 
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Othei carboxyl ladicals, undei the same conditions, are quite 
stable May not this diffeience m stability be due to a difference 
m the polarity of the valence which binds the carboxyl radical 
to the benzene nucleus? Facts will now be consideied which 
show that the polarity of the carboxyl radical has a definite influ- 
ence upon the pioperty of the compounds, or moie particularly 
upon the stability of the carboxyl ladical itself A compound 
containing two caiboxyl radicals m positions ortho to each other 
is found in phthalic acid Accoiding to the electronic formula 
foi benzene one of the caiboxyl radicals of the acid should be 
positive while the othei is negative as indicated in the formula — 



Is there any experimental evidence to justify this difference 
in the attachment of the caiboxyl gioups to the nucleus? 
Baeyei has shown that the A®’® and A^’^ dihydiophthalic ^ 
acids yield benzoic acid on oxidation. He attributes this to aA 
shock (Erschutterung) to the a-carbon atom which causes it to 
lose carbon dioxide, this effect being associated with the change 
from ethylene to centiic linkages, thus — 


Hx/ \c.COOH 


HaCxc^C COOH 
H 


H 


HC 


\c^ 

H 


COOH 

COOH 


“?<i> 

H 


ICO2IH . 

COOH 


Biuhl,^^ in a critical examination of BaeyeFs ‘‘ Ei schutterung 
Theory/’ asks why only one molecule instead of two molecules of 
caibon dioxide is removed fiom the acids in question, and has 
sought to explain the chemical behaviour of the dihydro acids 
on the simple basis of their difference of stability, which view 
has the advantage of being independent of any structural hypo- 
thesis But Bruhl, according to Cohen, “fails to perceive that 
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by avoiding any reference to stiucture as affecting stability, he 
IS begging the question’’ It must then be concluded that up 
to the present time there is no satisfactory stiuctuial explanation 
as to why only one molecule of carbon dioxide instead of two is 
lemoved fiom the seveial dihydrophthalic acids investigated by 
Baeyer 

The electionic foimula of benzene lequiies that substituents 
occupying ortho positions to each other be of opposite polaiity 
Consequently in the phthalic acids one carboxyl ladical functions 
positively and the other negatively as pieviously indicated If 
reference be made to the electronic foimulm of foimic and cai- 
bonic acids, it is evident that the caiboxyl radical in formic 

4* 

acid IS negative (H CO OH) while m caibonic acid it is 

— -f. 

positive (HO COOH) Fuithermoie, in formic acid thiee 

of the valences of the carbon atom are positive and one is nega^ 
tive Accoidmgly, formic acid on decomposition oidinaiily 
yields caibon monoxide and watei — 


-I-— —.j. 

H C 0 H H 0 H 


4 


+ 


4* 


4" + •” 
C-^-0, 
- 4 - 


O 


The fiee positive and the free negative valence of the caibon 
atom in carbon monoxide become neutral In othei woids, 
carbon in carbon monoxide is bivalent ' — 


4- 4- — 4- 

C -=-^0 

- 4 - + - 

On the other hand, m carbonic acid and its anhydride each of 
the four valences is positive Accoidmgly, darbonic acid on de- 
composition yields watei and carbon dioxide — 

4 --'"” 4 ‘ 4 -— 4 ' 

H -0 C — O H ^ H— O H 4 0 “-‘-0-^=0 

4|4 - 4 4 - 

O 

From the above it is evident that a carboxyl lachcal which is 
negative conesponds to the stage of oxidation lepresented by 
the carbon atom in formic acid, which does npt lose carbon 
dioxide. On the other hand, a carboxyl radical which is 
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positive coiiesponds to the stage of oxidation lepiesented by 
the caibon atom m carbonic acid, which very leadily loses 
caibon dioxide Theiefore, the phthalic acids which embody a 
negative carboxyl ladical and a positive caiboxyl ladical, lose 
only one molecule of carbon dioxide, a lesulL of the decomposi- 
tion of the positive caiboxyl ladical as indicated in the follow- 
ing scheme — ■ 




I- + - - + 

0 H 


c c O H 


H 




- s- + - 

c c 0 H 


This explanation may now be extended to the inteipretation of 
many other anomalous phenomena involving the liberation of 
caibon dioxide from various substituted benzoic acids 


E. Elimination of Carbon Dioxide. 

Cazeneuve in a study of the decomposition of various 
hydroxybenzoic acids found that some of them readily lose 
carbon dioxide when heated with water or aniline, while others 
were quite stable. For instance, orthohydioxybenzoic acid 
(salicylic acid) when heated with ari^inejo 240° in a sealed tube 
gave phenol and carbon dioxide Parahydi oxybenzoic acid 
likewise gave carbon dioxide but the mcta acid suffeied no ^ 
change Ihe instability of the ortho and the para acids and the 
stability of the meta acid may be inteipieted in terms of the 
electionic formula of benzene and the polauty of the caiboxyl 
radicals These radicals in oitho- and para- hydroxy ben zoic 
acids must function positively, 1 a, they coiiespond to the state 
of oxidation represented by caibomc acid and therefore may 
yield carbon dioxide Furthermore, if the hydroxyl radical m 
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the hydroxy benzoic acids is negative, then the electronic foimulae 
for the ortho- and para-hydioxybeiizoic acids lequire that the 
carboxyl radicals be positive, while the caiboxyl radical in the 
meta acid must be negative The meta carboxyl radical being 
negative corresponds to the state of oxidation of foimic acid 
and, theiefore, does not lose carbon dioxide The con elation of 
these phenomena with the conception of positive and negative 
valences is expiessed in the following formulae foi oilho-, paia-, 
and meta-hydioxybenzoic acids — 


OH 

hi^Ncooh 


H + 


OH 

t/\t 


Hi 


H 


+COOH 


(unstable lose carbon dioxide) 


OH 

Hi |H 


H\^yCOOH 


(stable) 


Fiom the above, a geneial conclusion may be drawn, namely, 
that a carboxyl radical either ortho or para to a negative radical 
IS positive and^ therefore^ unstable^ yielding carbon dioxide when 
heated with water or aniline On the other hand, a carboxyl 
radical meta to a negative hydroxyl radical is also negative and^ 
therefore^ stable^ not yielding carbon dioxide when heated with water 
or aniline 

The above conclusion receives remaikable confirmation by 
the recent and numeious experiments of Hemmelmayr^^ 111 an 
extensive research Concerning the influence of the nature and 
position of substituents upon the stability of the carboxyl radical 
in the substituted benzoic acids’’. Cazeneuve estimated the 
relative stability of the carboxyl radicals by compaimg tempeia- 
tures at which different compounds eliminated carbon dioxide 
Hemmelmayr’s method is more compiehensive, 111 that he heated 
weighed quantities of various acids with either 50 c.c. of watei 
or 50 cc of aniline and estimated quantitatively the amounts of 
carbon dioxide liberated In this mannei he expeiimented with 
thirty-nine diffeiently substituted liydioxybenzoic acids Their 
behavioui in general conformed to the uile indicated above In 
other words, an examination of the formula showed that every 
acid which contained a carboxyl radical eithei ortho or para to 
an hydroxyl radical yielded carbon dioxide On the othei hand, 
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those acids in which the caiboxyl gtoup was neithei oitho noi 
paia, but only meta, to an hydroxyl ladical did not yield carbon 
dioxide Thiity-five of the thiity-nine variously substituted 
hydroxybenzoic acids confoimed to this geneialization Among 
thirteen mono-, di-, and tiihydroxybenzoic acids theie was not 
one exception. Hence, it must be concluded that the electronic 
formula of benzene and the conception of positively and 
negatively functioning carboxyl radicals affoid an mterpietation 
of the anomalous behavioui of numerous and differently sub- 
stituted hydioxy benzoic acids, some of which lose caibon 
dioxide while others do not 

While it IS thus evident that positively functioning caiboxyl 
radicals lose carbon dioxide when heated with water or aniline, 
nothing has been found in the liteiatuie which would indicate or 
explain the mechanism of these reactions 

F The Mechanism of the Elimination of Carbon Dioxide. 

In attempting to explain the action of water or aniline it 
should be noted that each of these reagents which effect the 
elimination of carbon dioxide contains an unsaturated atom, 1 e , 
oxygen may inciease its valence from two to four while nitrogen, 
in aniline and other amines (or ammonia), may increase its 
valence fiom three to five Foi instance, the combination of 
aniline with hydrogen halide may be represented as follows — ■ 

CgH^NHg = H^N + 

H 

Since Hemmelmayi has found that amines other than aniline 
effect the elimination of carbon dioxide it is advisable now to 
limit this explanation to the unsaturated state of the nitrogen 
atom in amines 

In a recent papei I have shown that the unsaturated 
nitrogen atom in the amine, pyiidme, lends itself to the elimina- 
tion of hydrogen sulphide in a new leaction for the preparation of 
tliiocarbamlides, accoidmg to the equation — 




F 

H X 


5 
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zRNH, + 


CSa + C.HsN (RNH)5CS + 


C5H5N 


\SH 




H 


SH 


CgH.N + 


H SH. 


In other woids pyndine combines with the elements of hydrogen 
sulphide foiming the unstable pyiidinium sulphide which, decom- 
posing, legeneiates the original pyndine and eliminates hydiogen 
sulphide Analogously, it may be assumed that mi imstable addi- 
tion compound of an amine and the oxybenzoic acid is formed which^ 
decomposing y legenetates the amine and liberates carbon dioxide 
The validity of this assumption was put to an expeiimental 
test by employing pyndine as the amine and chloiocarbonic 
ethylester as an analogue of an hydroxybenzoic acid. The 
possibility of the elimination of caibon dioxide fiom chloio- 
carbonic ethylester is wai ranted, since all of the valences of its 
carbon atom aie positive and so coriespond to the state of oxida- 
tion of the caibon atom in carbonic acid and caibon dioxide 
This follows from its intei action with water — 


Cl. 


+ + 


0 


— — + — -j- + — 

— 0^ CgHg + H 0 H ^ H 1C 


•f— — -f — — 

C^Hg 0 H -I- 0====C==- 


+ 


It should be noted, parenthetically, that chloiocaibonic 
ethylester is veiy frequently, but inconectly, called “ chloio- 
formic ethylester which implies that it is a derivative of formic 
acid If such weie the case then its caibon atom must possess 
thiee positive valences and one negative valence in ordei that it 
conectly correspond to the state of oxidation of the caibon atom 
in formic acid Its electronic foimula would then be as follows — 


4 . 

Cl 


+ 

C— 






.0™C2Hg 


5 


This “electromer” if hydrolyzed could not yield carbon 
dioxide directly. The products would be hypochlorous acid, 
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+ - - + 

H O — — Cl, and ethyl formate — 

+ + 

H C 0 CsHb 

+ + 

O 

but, as just noted, this is not the case. 

When chloiocarbonic ethylester is dissolved in an anhydioiis 
solvent (carbon tetiachloride, benzene, or toluene) the addition 
of a like solution of pyridine yields at once an extiemely unstable 
addition-compound (white solid, not yet isolated) which spon- 
taneously decomposes, liberating carbon dioxide and ethyl 
chloride Experiments were perfoimed in order to deteimine 
quantitatively the extent of the decomposition of vaiious amounts 
of chlorocaibonic ethylester by a fixed amount of pyridine The 
results of these experiments aie embodied in the following table, 
which piesents the molecular ratios of the interacting substances, 
the quantities employed, the amount of carbon dioxide evolved 
and the coi responding percentages of the theoretical yields of 
carbon dioxide based upon the ratio COg ClCOgCgHg 


Molecular Ratios 

CbHbN 

(Grams) 

ClC02C2Hfi 

(Grams) 

CO2 

(Grams) 

Per Cent, 
of Theory 

2 CbHbN XCICO2C2H5 

3 '95 

2 71 

0 9720 

8836 

sCgHsH 2CICO2C2H5 

3 95 

5 42 

I 8960 

86 18 

2 CbHbN 3CICOAH5 

3 95 

813 

2 7305 

8a 74 


The leaction mixtuie in the flask still contained pyiidine 
which effected the decomposition of additional quantities of 
chlorocarbonic ethylester Hence it must be concluded that the 
pyiidme acts as a catalytic agent in effecting the elimination of 
caibon dioxide fiom the ester thiough the mtei mediate foimation 
of an unstable addition compound. The reactions involved may 
be lepresented by the following equations — 


CgH^N + Cl 


C 0 CgHg CfiHgN C 

+ + + + + 

0 Cl o 


0 — C,H 5 


0==^ci==0 + C^Hb^ Cl + CbHbN, 

- + - 


5 
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I have found that amines, othei than pyiidine, also effect the 
elimination of caibon dioxide fiom chloiocarbonic methyl-, ethyl-, 
and piopyl- esters Hemmelmayr has found that amines other 
than aniline effect the elimination of caibon dioxide fiom vaiious 
hydroxybenzoic acids ui which the caiboxyl ladicals have been 
shown to function positively Theiefoie, equations peifectly 
analogous to those above may repiesent the action of an amine 
of the genet al foimula RgN upon an hydioxy benzoic acid (oi any 
othei substituted benzoic acid in which the caiboxyl ladical is 
positive) as follows (Equations showing the foimation of the 
amine salts of the acids have been omitted as they aie not 
essential to the principal changes involved) 

(R == Alkyl, aiyl, oi H , X = OH oi othei substituent) 


RgN + X CgH 4 - 


+ 4- 
— C — 


o 

o- 


— -j- 

H 


“ + -I- 
R,N C — 


— + 

-0 H 


4* + 


X.C^Hi O 


-I ~ 

==c=0 + X C„H, + R 3 N 


- + + 


The foiraation of an intermediate unstable compound of the 
amine and the acid depends upon an increase in the valence of 
the nitrogen flora thiee to five Similaily, the action of watei 
in effecting the elimination of carbon dioxide would depend upon 
the foimation of an unstable oxonium compound through an 
increase in the valence of the oxygen atom fiom two to foui as 
indicated m the following equations, which are peifectly analogous 
to those above — 


H 2 O + X.CjH,- 


- 4- 1- - - 4 


- 4- 4- 


4 

4. 

^ ITljjV 

J V-/ 

4 4 




— — 

0 

X Cglli 0 


-0 H -> 


4* + 

0— 


4 4 “• 


-0 4 - X C„H, — 4 - HjO. 


Thus the electronic conception of positive and negative 
valences not only indicates the nature of the radicals which, 
through the action of amines or water, lose carbon dioxide but 
it also affords a possible interpretation of the way in which the 
reactions proceed The theoretical deductions are based upon 



BEHAVIOUR OP SOME DERIVATIVES OF BBNKENE 


expeiimental facts and data affoided by the aiialogcnis action lA 
pyudine upon chloiocai borne ethyle'^tei It is qiule cone ci\ able 
that the ehimnatton of carbon dtoxtde front ccirbcivitno toniponnds 
of the proteins tn physiological processes may confotni to lltc t) pcs 
of leactions just described 


G Positive and Negative Nitro Groups: the Hydrolysis 
of Nitro Derivatives of Benzene. 

In a compound of the general electionic formula II— - - X, 

the atom or ladical X is negative, but m H X it 

^positive For instance, in nitrous acid, H NO^, the nilio gioni> 

I - 4, 

negative , but in nitiic acid, HO NOg, it is positive 

It IS generally conceded that nitious acid may exist in two 
tautomeiic forms, piesumably m equilibiium . — 

H NOg H ONO 
I 11 

The electronic formulae of tautomeis I and II follow • — 



I II 

In formula I. the nitiogen atom possesses one negative and 
foul positive units of valence, the algebraical sum of which is 
three positive tmits If the hydiogen atom is tiansfened fiom 
the nitrogen to the oxygen atom thiough the opening up of one 
of the double bonds between nitrogen and oxygen, the following 
intei mediate stiucture may result — 


= N=: 


+ + — 


H 
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It IS assumed that polarization of the free positive and free 
negative unit of valence leaves the nitrogen atom in lesultant 
tautomer II. with thiee positive units Thus, it is evident that 
m each of the tautomers, I. and II , the nitiogen atom possesses 
algcbiaically three positive units of valence, and this maiks the 
state of oxidation of the nitrogen atom in nitious acid and the 
nitrites. In either tautomeric form the NOg oi ONO radical 
functions negatively 

On the othei hand, in nitric acid and the nitiates the nilio- 
gen atom is in the state of oxidation repiesented by Jive positive 
units of valence as indicated in the formula — 


Here the NOg ladical functions positively 

It may now be shown that the benzene nucleus may embody 
both positive and negative nitio gioups, and that the latter, in 
hydrolytic reactions, yield nitrous acid or nitiites 

Phenol, when directly nitrated, yields oitho- and para-nitio- 
phenol F’urther nitration yields the two isomeric i, 2, 4- and 
I, 2, 6-dinitiophenols Finally, nitration of either of these pio- 
ducts gives the symmetiical trinitio derivative, picric acid. 
These leactions are summaiized in the following electronic 
equation . — 



OH 


+ 

H 


/Ng 


+ 


“ + 
3HO NO3 


H + 


OH 
+ /\ H 

■ -NOa 


NOg 

H 


H 


NO2 + 


3H OH 


In trimtrophenol each of the nitro groups is positive, but the 
electronic formula indicates that in tetranitrophenol a fourth 
nitro group in position 3 or 5 would be negative. Now if some 
nitro groups are positive and others aie negative theie should 
be some marked difference in their behaviour toward certain 
reagents These conclusions are substantiated by the fact that, 
as stated by J B, Cohen, “ the nitro group in nitrobenzene is 
extremely stable compared with the fourth nitro group in tetia- 
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nitrophenol, which water will remove in the foim of nitrous acid” 
These facts aie 111 perfect agreement with the electronic formula 
of tetranitrophenol, the hydrolysis of which yields nitrous acid 
+ - + -■ 

(H NOg 01 H ONO) according to the electronic equation — > 


OH 

+ /\ + 


OH 

"h 

no/ ^NOg 

+ — 

no/ ^ 

NO2 + - 

+ 

H OH 


+ H NO2 

Hs^^NOa 



OH 

NO2 + 


NOg 



Since direct nitration with nitric acid results in the substitu- 
tion of positive nitio groups, and since m teti anitrophenol the 
negative nitio group may occupy either of the equivalent positions 
3 or 5, with negative hydroxyl in position i, it follows that 
substituents in positions I, 3, and 5 are negative while those in 
positions 2, 4, and 6 are positive This is a conhrmation of the 
electronic formula of benzene and the substitution rule 

It has been shown that halogen and carboxyl radicals may 
function either positively or negatively, depending piincipally 
upon the relative positions they may occupy in the benzene 
nucleus Direct evidence that when nitro gioups occupy posi- 
tions ortho or para to each other, one of them functions posi- 
tively while the other functions negatively is shown by the 
replacement of only one of the nitro groups by negative hydroxyl 

or oxy methyl on intei action with Na OHorNa OCH3 and 

+ — 

the concomitant formation of Na NOg For example, i, 2- 
dinitio- and l, 2, 4-trinitiobenzenes interact readily with solutions 
of sodium hydroxide 01 sodium methylate The nitro group m 

— — + *“ 

position I IS replaced by OH or OCH3, and Na NO^ is formed 
These reactions find an interpretation in the electronic formula 
of benzene and may be summarized in the following equation — 


NOa 

OH 

+ /\ + 

H NOa 

+ + 

+ - H NO, 


+ Na OH 

H\/5 

h\/5 

NOj + 

NO 2 + 


+ Na NOj 
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Other facts which not only indicate the existence ol negative 
nitro groups but also further substantiate the electionic fot inula 
of benzene are lecorded in the recent woik of P van Rombuigh 
and I W Wensink^^ who found that the nitio gioup in position 
3 of either 2, 3, 4- or 3, 4, 6-trinitrodimethylaniline is leadily 
leplaced either by an NHg — or NH(CH3) — 


N(CH,)2 


NO5 


N(CH,), 

/\ 


NO2 

(2, 3. 4') 


\/NO, 

NO^ 

(3» 4, 6-) 


group on interaction with alcoholic solutions of ammonia 01 
methylamme, respectively Ordinanly, the hydiogen atoms of 
ammonia are positive and the three valences of the nitiogenatom 
are negative Hence the abbreviated electionic formula of 

ammonia and methylamme aie H . NH^ and CH, NHj Ac- 
cordingly, the replacement of only one of the thieenitio gioiips 


(that in position 3) by NHj is peifectly analogous to the ic- 


placement of NO2 by OH in the reactions given above Fiii thei- 
more, the nitio groups in positions 2 and 4 in the 2 , 3, 4-com- 
pound are regarded as positive since they aie not leplaccable 

by NHj They also occupy positions oitho to the leplacablo 
negative nitio group of position 3 Again, in the 2, 4, 6-com- 
pound the nitro groups in positions 4 and 6 aie also legaided as 

positive since they aie not replaced by NHj They occupy 
positions ortho- and para-, respectively, to the negative nitio 
group of position 3 All of the?e facts and conclusions aic em- 
bodied in and interpreted by the following electionic foimulm 
and equations — 


N(CH,)3 

+/\ 


Hi 


NO3+ 


NOa + 
(3. 3, 4-) 


or 


N(CHJ, 

+ /V 


NO, 


H + 


H\^yNO, 


NOj + 
(3. 4. 6-) 


+ 


+ - 
H.NIIg 
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N(CH,), 

+ /\ . 
Hi >0„+ 


N0,+ 


or 


N(CHJ» 




NO, 


H + 


+ 


NOa + 


+ ~ 
11 NOo 


In all benzene foimube positions 2 and 6 aie equivalent as 
aie also positions 3 and 5 Accoulingly, the 2, 3, 4- and 3, 4, 
6-tiinitrodiniethylanihnes (and then pioducts of interaction with 
ammonia) coincidentally show that when the substituents in 
positions 1,3, and 5 aie negative, the substituents 111 positions 
2, 4, and 6 aie positive This also constitutes a further sub- 
stantiation both of the electiomc foimula of benzene and the 
substitution iiile 

Additional evidence leading to the above conclusion might 
be described in detail but brief mention may suffice Recently 
Michele Giua and A Contaidi^® have desciibed a numbei of 
polynitio denvatives of benzene which suifei leplacement of a 
nitio group by OH, OCCHg), NH^, and NHCCHg) with the 
liberation of mtiites In some instances hydiolysis with water 
yields nitious acid anhydride In these vaiious instances two 
nitio gioups are adjacent, le, occupy positions oitho to each 
other, and only one of them suffeis leplacement Giua maintains 
that this behaviour substantiates the lule on the leactivity of the 
nitro groups m the benzene ring proposed by Koinei and 
Laubenheimer who attiibute the facility of reaction of the one 
nitio gioup to the adjacence of the two nitio groups and the 
consequent loosem^ig'^ action of one gioup upon the othei 
This mteipretation is not only vague but it fails to take into 
account the highly significant facts that the nitro gioup is le- 
placed by a substituent of negative polarity^ and that the group 
thus replaced is libeiated as a nitrite in which the nitro radical is 
also negative. The electronic conception of positive and negative 
valences and the existence of positive and negative nitio groups 
affoids a more satisfactory interpretation, since all of the facts 
noted are indicated and correlated by the electronic formula of 
benzene and the substitution lule Conveisely, the facts verify 
the electronic formula of bennene and the substitution rule 

In concluding this chapter, it may be remarked that the 
electronic conception of positive and negative valences and the 
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electronic formula of benzene alford explanations of many 
anomalous properties and reactions which aie generally classed 
as stereochemical pioblems The possibility of interpieting 
some of these properties and reactions indicates that they are 
not necessarily anomalous or iriegular Hence it is hoped that 
a fuither extension of the piinciples and methods herewith pre- 
sented may lead to the inteipretation and solution of othei 
problems 



CHAPTER IX. 

AN INTERPRETATION OF THE BROWN AND GIBSON RULE. 

j No single subject in the history of modem chemistiy has leceived 
'moie attention than that of substitution in the benzene nucleus 
^ Concerning the intioduction of two and three substituents, the 
1 foremost authority, A F. Holleman/^ states that he has found 
(1300 memoiis, and, if we include the foimation of othei poly- 
substituted derivatives, this number is inci eased to 2000. 
Many rules and hypotheses have been pioposed to coi relate and 
explain these substitution leactions The foiemost aie those of 
' Hubnei,®® Noeltmg,®^ Aimstrong,®^ Biown and Gibson, Collie,®*^ 
^Lapworth,^^ Blanksmaj^^" Flurscheim,®'^ Obermillei,®® and Tschi- 
tschibabm 

A comprehensive leview of the lules and hypotheses of most 
of the foregoing investigations is given by Holleman m his woik. 
Die dtrekte Etnfiihrung von SnbsUtnenten m den Benzolketn 
(1910), and m his lecture befoie the boci^te Chimique de France 
(1911) entitled Sur les regies de substitution dans le noyau hen^ 
zemque Despite the immense amount of work accomplished 
in this field, Holleman states that no rule or theoiy has as yet 
furnished a satisfactory explanation of substitution in the benzene 
nucleus. The question of knowing the leason why such or? 
such group directs a new substituent chiefly to the para-, oitho- 
positions 01 chiefly to the meta-position, is not yet solved/^ 

Of all the rules that have been proposed foi detei mining 
whether a given benzene monodeiivative shall give a meta-di- 
derivative 01 a mixture of oitho- and para-di-deiivatives, that of 
Professor A Cium Brown and Dr John Gibson is pre-eminent 
Quotations from then oiigmal article will describe their rule 

A. The Brown and Gibson Rule. 

When a monobenzenc derivative C^H^X is so treated as to 
give a dibenzene derivative CqFI^XY, it is well known that, as a 
rule, this dibenzene derivative is either {a) exclusively, 01 neaily 

75 
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so, a ^;/<?2'(35-compound, oi (d) a mixtuie of 07l/i0’- and para- with 
none oi veiy little me^a- , and that whether the case shall fajl 
under (a) oi (5) depends on the nature of the ladical X, and not 
at all, oi only very slightly, on the nature of Y 

“ We have gone ovei all cases known to us, and have formu- 
lated a lule which holds in all these cases, and is always capable 
of iigoious application, so that, if m any case it should be found 
to fail, no excuse could be found foi it We shall best explain 
our lule by showing how we apply it We shall wiite in column 
A a numbei of benzene mono-dei ivatives, in column 1^ the 
radicles leplacing one H of in column C the hydiogen 

compounds of these ladicles, in column D the hydioxycompounds 
of the same radicles, and in column E the letteis m oi o-p ac- 
coiding as the mono-dei ivatives give meta-ox a mixtiue oioftho- 
and para- di-denvatives 


A 

B 

c 

D, 

E 

C.H,C1 

C„H,Br 

CaH.CHj 

C0H5NH2 

C„H„OH 

C„H„N02 

CoH^CCls 

C,H„CO H 

CjH.CO OH 
C,H„SO, OH 
C„H„CO CH, 
CeH5CH2.CO.OH 

Cl 

Bi 

CH, 

NHo 

OH“ 

NO 2 

CCI 3 
.CO H 

CO OH 
bOo OH 

CO^ CH, 

CHg. CO OH 

HCl 

I-TBr 

HCHs^ 

HNHo ^ 

HOH“^ 

HNO„ 

IICCL* i 

HCO H 

H CO OH i 

HSOj, OH 

HCO CH^ 

H CH2 CO. OH* 

HOCl 

HOBi 

IIOCH. 

IJONIi; 

HO OH 

HO. NOo* 

HO CC1“ 

HO CO H* 

HO CO OH* 

HO SOy OH* 

HO CO cn,’' 
HO.CIIy CO. OH 

op 

0 7* 
op 
o-p 

0 p, 
m 
o-l> 
m 

m 

m 

m 

op. 


In column C, we maik with an asteiisk those substances 
which aie not capable, by direct oxidation, of being conveited 
into theconesponding hydiogen compounds in the next column, 
and m column D we mark with an asteiisk those substances 
which can be formed by diiect oxidation fiom the conesponding 
hydrogen compounds so that in each horizontal line theie is one 
asterisk and one only, either in column C or in column D. By 
direct oxidation we mean oxidation by one step. Thus, no 
doubt IT CHg can be converted into HO . CHg, but not by one 
step of oxidation , whereas H . CO CHg can by one step of oxi- 
dation be converted into HO . CO CHg Now it will be seen that 
wheievei the H compound is asterisked, we find o-p in column 
E, and whenever the HO compound is asieiisked, we find m m 
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column E. In other woids, when X is naturally to be legaided 
as a deiivative of HX, QHgX gives ortho- and/^m- di-deiivatives, 
and when X is natuially to be regarded as a deiivative of HOX, 
CqHsX gives vieta- di-dei ivatives Oui test by which we detei- 
mine whether X is to be legaided as deiived fiom liX 01 HOX 
IS, can HX be diiectly, by a single oxidizing step, be conveited 
into HOX 01 not? If it cannot, then X is to be looked on as 
derived fiom HX , if it can, then X is to be looked on as derived 
fiom HOX 

Considei now the nitiation of chloiobenzene and the chlonna- 
tion of nitiobenzene in teims of the Brown and Gibson Rule 
Accoiding to this lule CgHgCl is looked upon as a deiivative of 
H Cl which IS not diiectly oxidizable to HO Cl Theiefoie 
CgHgCl yields oitho-and paia- chloronitrobenzene on nitiation 
On the othei hand, C^jH^NOg is regarded as a derivative of 
H NOg which IS diiectly oxidizable to HO NOg Theiefoie, 
CJTgNOg yields meta-chloronitiobenzene on chlorination Ihus 
the expeiimental facts and rule are con elated What is the 
undci lying cause of this agieement between rule and fact? 
Blown and Gibson state that their rule is not a lawy “ because it 
has no visible relation to any mechanism by which the substitu- 
tion is carried out in one way rather than m another way, but, 
if it is found to be iigorously applicable it must be 1 elated m 
some wa;^ to a law, and may be of use, both as gioupmg 
phenomena together and in guiding us to the cause of the 
formatioh of meta-compounds in certain cases and of oitho- and 
para- in othei s 

The electronic conception of valence and the electionic 
formula of benzene enable us to show that theie is an undei- 
lying cause, a mechanism, so to speak, by which ^‘substitution 
IS earned out in one way lathei than in anothei way,’' 01, in 
other words, why some substitution reactions confoim to the 
oitho-, paia- type while othei s pioceed accoiding to the meta- 
type Both the leason and the mechanism become appaient 
when we determine the difference between X in HX, and X 
in HOX In our oidmary stiuctuial foimulae no difference is 
appaient, but from the electionic point of view, when H is 
positive and 0 is negatively bivalent, it necessarily follows that, 
X m HX functions negatively while X in HOX functions! 

positively as is evident m the electionic foimulae H — • — X andj 
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H O X Accordingly, a mono-substituted denvative 

+ - +- 
may be either CjHj X, if it is legarded as a derivative of H X, 
- - 1 - - + 
or CgHg. X, if It IS looked upon as a denvative of HO X. 

Theiefore (i) when X in QHgX is negative and the enteiing 
substituent Y is positive^ then ortho^ and para-di-dtxwKtw^s 
result On the other hand ( 2 ) when X in CgHgX is positive and 
the entering substituent Y is positive^ then ;;^^^^-di-deiivatives 
are formed These piinciples aie embodied in the following 
typical equations — 


X 


(I) H 


Ff 




X 

+ /\ + 



H - + H 


Y Hi 



+ HO Y 

* 

or 


\ y 

H FI 

\ y 

FI H 
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H + 


X 

+ /\ + 

iH 
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Y + 


+ "■ 
FI OFI 


FI 

+ /\ + 
(2) Hf V 


— -f* 

FIO Y 


H 

S/V 


+ — 

-1- H OH. 


Fl's^yFI 
FI + 


Y+ 


Thus, the electionic formula of benzene is con elated with 
the electronic interpietation of the Brown and Gibson lule, theie- 
by showing a visible relation to a mechanism by which substitu- 
tion is earned out in one way rathei than in anothci way 
Section A of the preceding Chaptei VIII. piesents conciete 
examples of the above scheme in the nitiation of chloiobenzcne, 

+ — — 

CgHgCl, and in the chlorination of nitiobenzene, CgligNO,^. 

The electionic formulae of the products of these interactions, 
namely, ortho- and para- and meta-chloionitiobenzene, aic 
conelated not only with the methods of then preparation and 
their chemical properties, but also with the Brown and Gibson 
rule 

In many substitution reactions, ortho-, paia-, and meta- 
di-substituted derivatives of benzene are foimed simultaneously 1 
An interpretation of these simultaneous reactions necessitates a 
further development of the principle of electronic tautomerism 
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which will be presented aftei a fuither analysis of the Blown 
and Gibson uile has been consideied, 

B. A Further Analysis of the Brown and Gibson Rule. 

In presenting a fuithei analysis of the Blown and Gibson 
lule It IS necessaiy, fiist, to bring out more fully the hidden 
significance of the diffeience between compounds of the type HX 
which aie not diiectly oxidizable to HOX and those which aie 
diiectly oxidizable to HOX 

Some writers have taken exception to this point of view 
which Blown and Gibson assumed as then basis of classifying 
substituents For instance, Holleman’'^ states that the rule 
“ although remarkable and representing very well many of the 
observed facts, does not give satisfaction since it depends 
entirely upon the question of the diiect oxidation of the hydiogen 
compounds of the substituents Thus, at the time ( 1892 ) when 
Blown and Gibson published their rule, methane, H CH3, could 
not be oxidized directly to methyl alcohol, HO . CIT3 , hence, ac- 
coiding to the rule, the ladical CHg should diiect the enteiing 
substituent to the oitho and para positions But since the 
time of the publication of the lule, Bone has proved that the 
piimary oxidation product of methane during combustion is 
methyl alcohol As a consequence, the ladical CHg should then 
direct the entering substituent to the meta position This dis- 
covery of Bone renders the lule inexact. While it is perfectly 
tiue that one cannot diiectly transform H Cl to HO Cl, yet 
on the othei hand no one is ceitain that this will always be im- 
possible ” Theiefoie, Holleman contends that with the pi ogress 
of science the Brown and Gibson lule becomes less and less 
applicable 

Now this ciiticism of Holleman is only appaiently justified, 
because Biown and Gibson unfortunately based their classifica- 
ition of substituents upon the debatable standpoint of the direct 
{oxidizability in one step of HX to HOX It has been shown 
that the chief point of distinction between the two classes of 
substituents is not the diiect oxidizability of HX to HOX but 
4 depends lather upon the electronic interpretation of the rule m 
conjunction with the electionic formula of benzene, and the fact 
that X m HX is negative while X in HOX is positive. These 
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points of view invalidate Holleman^s ciiticism of the Brown and 
Gibson lule 

Furthei light may be thiown upon the naluie of the sub- 
stituents (X) commonly found in the ben/ene nucleus by con- 
sidering the behavioui of certain HOX compounds as oxidizing 
agents, and the susceptibility to oxidation of ceitain liX com- 
pounds, thus placing the Blown and Gibson classification on a 
different basis Considei, first, a few of those substituents (OH, 
NHg, Cl, and CH3), which Brown and Gibson icgaided as 
natuially deiived fiom HX, not directly oxidizable to HOX 
It is paiticularly notewoithy that the hydioxyl compounds of 
each of these substituents may function as an oxidizing agent, 
while their hydrogen compounds are not oxidizing agents in 
the common sense of the word Fuithermoie, the hydioxyl 
compounds of these substituents aie less stable than then coiic- 
sponding hydrogen compounds When HOX functions as an 
oxidizing agent (HOX->HX + O), yielding HX and oxygen 
(either fiee or combined) theie is a change in the polaiity of X 
+ — 

from X to X This change may be represented as involving 
either an oxidation of negative hydioxyl 10ns by positive chloune 
“ + 4- " 

ions (HO Cl = HO + Cl H + Cl + O) or an mtiamoleculai 
oxidation and reduction 

(H^— O— — X H— — O— — X H— X + 0 ) Now, 
since compounds of the type HOX are less stable than those of 
the type HX, as shown by oxidation reactions, and since these 

+ — 

oxidations involve the tiansition fiom X to X, wo may accoicl- 

— 4 - 

ingly assume that X u more stable than X In othei woids, 
the tendency foi X to function negatively is moie pionounccd 
than its tendency to function positively, but it may function 

4 " — -j- 

either way as its H X and HO X compounds show This 
may be postulated as a general property of those substituents 
which Brown and Gibson legarded as naturally deiived fiom HX 
not directly oxidizable to HOX 

In ordei to complete the analysis of the Brown and Gibson 
rule It will be necessary to consider fiora the same points of 
view a few of those substituents, namely, COjH, COH, SO3H 
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and NOg, which weie foimerly legaided ab belonging to the type 
HOX derivable by direct oxidation of HX. In fact, each of 
these HX compounds may be oxidized diiectly to the coiie- 
sponding HOX compound, but it should be noted that X is a 
complex ladical and the oxidation involves fundamental changes 
both in the numbei and polanty of the valences of ceitain atoms 
comprising these ladicals. These featuies may be illustrated 
by the electionic equations foi the oxidations in which oxygen 
H — 

as 0 functions as the oxidizing agent through the acquisition 
of elections and the consequent conveision of certain negative 
valences in the radical X to positive valences — 

o ^ O-i-20,XH-20-^X 
The complete electronic equations for the oxidation of (i) 
formic acid, (2) formaldehyde, (3) sulphuious acid, and (4) nitious 
acid aie as follows — - 


_ .j, _ _ ^ - -j- 

(i) H COaH == H C 0 H H 0 C 0 H -h 

+ + /X 

_ 

O 

O ^ H O C 0 H 

— + 

+ - 
0 

-I- — _ ^ _ 4. 

^ H ^0 C 0 H 

+11+ 


o 

4. «« — -i- 4 — — 4 — 4 

( 2 ) H . COH « H C H H 0 C— H -|- 
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4— 4—„4„4 

O ^ H-*- — 0 C— H 

- -h 

4 — 
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H 0 C H. 

4 II 4 
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The above oxidations pioceed leadily, in fact most of the 
compounds aie oxidized directly by atmospheiic oxygen, 

4- “ 4- — 

(O 2 == 0—^0 2 O) The tendency for the acid HX to 

_ 4. 

change to HOX involves a change in the polaiity of the complex 
radical X fiom X to X, and accoidingly X may be legarded as 
moie stable than X In other words, the tendency for X to j 

” 4- * 

function positively (HO X) is moic pronounced tlian Us I 
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-j, — 

tendency to function negatively (H X), but it may function i 
either way as the hydiogen and liydioxyl compounds show. 
The above may be postulated as a genet al piopeity of those 
substituents which Blown and Gibson legaided as natuially 
deiived from HOX which lesults fiom the diiect oxidation of 
HX 

Othei points of significance may be noted m Equations 1-4 
above In foimic acid, equation i, thiee of the caiboii valences 
aie positive while the foiuth is negative. In caibomc acid, foiu 

carbon valences aie positive. Pi 101 to the action of 0 , formic 
acid is m eqiulibiium with a tautomeric modification in which 
the caibon atom is bivalent and shows one free positive and one 

+ — 

flee negative valence. These free valences unite with O and, 
eithei simultaneously 01 subsequently, the negative caibon 

valence is oxidized to a positive valence and oxygen (O) thcieby 

becomes negatively bivalent ( 0 ) The tautomeiic modification 
of formic acid, showing a free positive and a fiee negative 
valence, would thiough the polaiization of these valences piesent 
an illustration of a bivalent carbon compound 

In this connection it should be noted that Stieglitz has 
given a detailed account of the oxidation of caibon compounds, 
in particular foimaldehyde, showing by means of the chemometer 
that theie is involved an actual transfei of electiical chaiges 
The classification of sulphurous and nitious acids with foimalde- 
hyde in the piesent discussion leads to the suggestion that 
certain sulphites and nitiites might lend themselves to similai 
significant demonstiations 

In Equation 3 note that sulphiuous acid (H SO3H) is 
ordinaiily wiitten (HO.SOgH), in which the sulphm atom 
(comparable to the caibon atom above) shows a fiee positive and 
a free negative valence, and the polarization of these valences 
rendeis sulphur quadiivalent , but, on oxidation to sulphuric acid, 
the sulphui atom becomes sexavalent. In piecisely the same 
mannei nitious acid (H NO^) is commonly wiitten (HO NO) 
m which nitiogen is tei valent, but oxidation to Tiitiic acid 
renders nitiogen quinquevalent. Now Equations I-4 show that 
formaldehyde, formic acid, sulphurous acid, and nitrous acid 

6 ^ 
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belong to the same class and same type of oxidizable compounds 
Since the sulphur atom m sulphurous acid mcieases its valence 
by two on oxidation to sulphuric acid, and since the nitrogen 
atom in nitrous acid likewise mcieases its valence by two when 
oxidized to nitric acid, it follows, similaily, that the cai bon atom 
in foimaldehyde and foimic acid must undergo likewise an in- 
crease of two in its valence when the compounds are oxidized 
to foimic acid and caibonic acid, respectively In othei woids, 
this classification of the substituents and the eleclionic system 
of oxidation lends further suppoit to, and an electronic inter- 
pretation of, the existence of bivalent carbon compounds. 

The extended inteipretation and analysis of the Blown and 
Gibson rule bungs out the following facts — 

1 Ceitain substituents (OH, Cl, Br, I, NTIg, CH^, etc) lead 
to the formation chiefly of ortho- and para-derivatives of benzene, 
because then tendency to function negatively is moie pionounced 
than then tendency to function positively Thts tendency may 

be formulated thus X > X. 

2 Certain other substituents (CO2H, COH, SO3H, NO2, 
etc ) lead to the foimation chiefly of meta-denvatives of benzene, 
because their tendency to function positively is more pionounced 
than their tendency to function negatively. This tendency may 

be formulated thus X > X. 

3 The objections which have been diiected against the 
Brown and Gibson rule have been based upon the question of 
the direct oxidizability of HX to HOX. These objections aie 
invalid, because the distinction between the two classes of 
substituents rests upon the facts summarized in paiagiaphs (i) 
and (2) above, and the fact that X in HX is negative while X m 
HOX IS positive These distinctions^ tn conjunction with the 
electronic formula of benzene, show why certain mono-substituted 
derivatives of benzene yield chiefly ortho- and para’^di-substiiuted 
derivatives, while others yield chiefly meta-di-suhstituted derivatives* 



CHAPTER X 


ELECTRONIC TAUTOMERISM OF BENZENE DERIVATIVES 

In Section D of Chaptei IL and in Section C of Chaplet III the 
conception of electronic tauto^nerism was developed. The pin pose 
of the present chaptei is to considei a numbei of expeiimental 
facts and to show that their interpretation not only fully 
wan ants but also demands the assumption of the existence of 
elcctiomers in dynamic equilibiium, le, electronic tautomerism 
This conception was fiist proposed by the authoi in 1908 The 
following woids^^ embody the definition • — 

^‘The hypothesis of positive and negative valences suggests 
the possibility of there being at least two distinct types or elec- 
tiomers of a binaiy compound Hence two mono-substituted 

deiivatives of benzene, C^Hg X and CgHg X, should be 

possible while only one is known Tlieiefore, if both electiomeis 
exist and only one substance is identified, it follows that the 
electromers aie either not distinguishable by (piesent) physical 
methods, or that one electromer is transfoimable into the other 
through the ti ansposition of electrons — 

CaHg— X ^ CgHgX CgH«~X” 

A study of various hydiolytic leactions compels one to 
assume the existence of such electromeis As previously noted, 
when a compound, XY, on hydrolysis yields HY and HOX, 

^ — 

then the compound is lepiesented by the formula X Y The 
hydrolytic reaction conforms to the following scheme {a) — 

-j-— ^ ^ — 4. 

(a)X.Y + H OH H Y + HO.X 
If, on the other hand, the conditions of hydiolysis ate such that 
compound XY yields PIX and HOY, then XY must possess the 

formula X . Y. The hydiolysis conforms to the scheme ( 6 ) * — 

(&) X . Y + H . OH -> H . X + HO . Y, 
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Now it has been found that pheiiylsulphonic acid, CdHg . SO^H, 
on hydiolysis, in alkaline solution yields sulphuious acid 
H SOgH, and phenol, QHg OH This leaction confoims to 
scheme {a) thus — 

^ — 4— +“ -h~ 

(a) CjHs SOjH + H . OH H SOjH + C„Hj OH 

On the other hand, the hydiolysis of the same compound, 
pheiiylsulphonic acid, m acid solution yields benzene, H CgHg, 
and sulphuric acid, HO SOgH This reaction confoims to 
scheme (^) thus — 

- + 

(ijCflHg.SOgH + H OH H.CaHb + HO SO3H 

These ficts compel us to conclude that pheiiylsulphonic acid 

4- — 

may entei into chemical leactions either as C^jH^ , SOgH 01 as 
— + 

CgHg SOgH Fioiii tlis tautomeric point of view, phenylsul- 
phonic acid may be regarded as an equihbiium mixtuie of two 
electronic isomers^ 01 electromers 

{cX SOgH CA.SOgH) 

and any othei mono- or poly-substituted deiivative of benzene 
may be legarded similaily, as will be shown later 

Consider any mono-substituted derivative of the geneial 
formula CgHgX which will now be regarded as 

(CgHg.X CA X) 

Indicating only the polaiities of the hydrogen atoms of the 
nucleus, the equilibrium is represented thus — 


X 


+ 

Hi 




H\yH 
H + 


X 

/\5 


H- 


Note paiticulaily that the change in the polaiity of the sub- y' 
stituent X involves simultaneously a change in the polarities off ^ 
the hydrogen atoms, but that in each electiomei those atoms {orf^ 
substituents) ortho and para to X aie opposite m sign to X, while 
those atoms (oi substituents) meta to X arc of the same sign as 
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X This, of couisc, IS the essential featuieof all of Iheelcctioiuc 
foriTiulse of benzene, namely, that hydiogen atoms or subslituenls 
in positions i, 3, and 5 of any given electiomei aie o[)posite in 
sign to the hydiogen atoms 01 substituents in positions 2, /f, and 
6 of the same electiomei , otheiwise the symmetiy, and conse- 
quently the stability, of the benzene nucleus could not be main- 
tained A detailed mechanism of the tiansposition of elections, 
the centric valences, etc,, involved in the electronic tautomciism 
of benzene derivatives will be given later, Foi the piesent, the 
simpler formulae involving only the hydrogen atoms and sub- 
stituents aie sufficient In a similar mannei the electronic 
tautomeusm of a di-substituted derivative of benzene, for ex- 
ample QH4XY, m which X and Y aie in para positions to each 
othei, may be lepiesented thus ^ — 


- 


4* 

X 


X 

i-r 



— _ 


+ 4- 




Y + 


Y- 


When two substituents occupy positions eithei oitho or para 
to each other they aie of opposite polauty Hence in the 
electronic foimula foi a /-dihalogen benzene 111 which the halogen 
atoms X and Y aie diHerent chemically, it follows that if X is 
negative, Y is positive , or, if X is positive, Y is negative Now, 
m the nitration of a /-di-substituted deiivative of benzene only 
two mono-nitro substitution products aie possible, and, from the 
standpoint of the piinciple of electronic tautomeusm as applied 
to a/-dihalogen benzene, the nitration reaction should conform 
to the following general scheme — 


+ 


X 

X 

i-r 


A 5- 

B 

_ - 

4 4 

H\/H 

H\^^H 

y4 

Y“" 


— 

4 

X 

X 

0 

\_ 


N 4 

B' 

-l- 4 

S\^5 


v+ 

Y- 


If the principles underlying this general scheme are correct^ then 
certain definite consequences follow tvhtch should lend themselves to 
verification by experiment What are some of these consequences ? 
If the electromers of C^H^XY (designated as A and B) ate m 



88 THE ELECTRONIC CONCEPTION OF VALENCE 


tautomeiic equilibiium and if each electromei inteiacts with nitnc 
acid, the respective isomeis A' and B', should be formed Note 
particularly that in the isomei A', X is negative and Y is posi- 
tive, while m isomer B', X is positive and Y is negative In 
view of the facts previously piesented, notably the action of 
sodium hydi oxide or sodium methylate upon and m- 

chloronitrobenzenes, it follows that isomer A' on intei action with 
+ — — — 
sodium methylate (Na OCH3) should exchange X foi OCH3 and 

liberate Na X accoiding to equation (i) — 


X 




Y+ 


OCH^ 

■I- 

NO, 



iNOa 

+ — 

/ \ 

h! 

V y 

+ 

Na OCHg 

A" 


Y + 


Na X 


On the other hand, isomer B"* should exchange Y foi OCHg 
+ “ 

and liberate Na Y according to equation (2) — 


+ 

X 


+ 

X 


(2) 




+ — 


B' 

\ / 

4- 

NOo 

+ Na , OCHg 



'N02 


+ 

Na 


OCHo 


Furthermoie, if electiomers A and B are in tautomeiic equi- 
librium and nitration yields a mixtuie of isomers A' and B' then 
the action of sodium methylate upon this mixture should yield 

not only the oxymethyl derivatives, A" and B" (equations (i) and 

— 

(2), respectively), but also a mixture of the sodium halides^ Na X 

and Na Y. An experimental veufication of these predictions 
would lead to a very definite conclusion, namely, that thepaia 
mixed dihalogen compound, C^H^XY, affords an example of elec- 
tronic tautoniensm Otherwise it would be difficult, if not im- 
possible, to account for the simultaneous formation of the mixed 

+ - -H - 

XT- V ,-j i>.T -v- sodium methylate interacts 

' of the mixed dihalogen ben 2 ene. 
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Expeumental facts will now be consideied which are com- 
pletely in agi cement with the piinciples and geneial leactions 
just postulated Holleman and Heinckea’^^ have made a 
thoiough study of the nitiation (at 0") of vauous mixed dihalogen 
benzenes Foi the piescnt, attention will be confined to the 
nitration of /-chloiobiomobenzene, which gave a mixture of the 
isomeis I, 2, 4- and i, 3, 4-chloionitiobiomobenzenes. In de- 
veloping a quantitative chemical method foi detei mining the 
yields of these isomers in the nitiation mixtuie, Holleman found 
that the i, 2, 4-isomei heated with 035 N sodium methylate 
solution in a sealed tube foi five houis at 80° practically 
complete displacement of chlorine as sodium chloride while the 
bromine remained intact The leaction proceeded quantitatively 
(98 40 pet cent ) accoiding to equation (3) , — 


Cl 


( 3 ) 


OCH, 



NO 2 

/ N 

A' 

*1 Na OCHij 

A'' 


NO, 


Na Cl 


Br 

( 1 :. 2 , A-] 


\/ 

Br 


Note that this reaction is peifectly analogous to equation (i) 

— ^ -j- -) 

given above, in which X becomes Cl, and Y becomes Br. The 

H- 

libeiated sodium halide is Na Cl In other words, the i, 2, 4- 
isomer (A^) has the electronic foimula 


Cl 

/\ 

■ -NOg 


Br + 


4 * — 

Otheiwise the Iibeiation of chloime as Na Cl is inexplicable 
On the other hand, the i, 3, 4-isomei on intei action with 
sodiuna methylate (undei identical conditions) suffered practically 
complete displacement of bromine as sodium bromide while the 
chlorine atom remained intact The leaction pioceeded quanti- 
tatively (98 00 pel c^nt) according to equation (4). 
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Cl 

/\ 

B' 

+ Na OCHs -> 

Cl 

/\ 
j B" 

\/ 

NO 2 

'\/ 

Br 

( 1 . 3, 4-) 

OCH, 


+ Na Bi 


Note that this reaction is peifectly analogous to equation (' 

above, in which X becomes Cl, and Y is Bn The liberate 
+ 

sodium halide is Na Br In other woicls, the i, 3, 4-isom( 
(B') has the electronic formula 


+ 

Cl 

/\ 

B' 

\/ 

Br 


+ 

NO, 


+ 

In no other way can the elimination of biomine as Na Bi be e 
plained 

The quantitative inteiaction of i, 2, 4- and i, 3, 4-chIoi 
nitrobiomobenzene with sodium methylate enabled Holleraan 
determine the relative quantities of these isomeis obtained « 
nitrating /-chlorobiomobenzene The sodium chloiide ai 
sodium bromide liberated were precipitated as silver chloride ai 
silver bromide An analysis of the mixed precipitates gave t 
percentage yields of the isomeis calculated upon the ratios 
AgCl I, 2, 4-isomei, and AgBi i, 3, 4-isomer These c, 
culations were based upon equations (3) and (4) which are pei feet 
analogous to the preceding electronic equations (i) and (?), i 
spectively The yields of the isomeis weie 45 20 per cent a 
54 80 per cent respectively The complete coi relation of all 
these reactions with the electronic formulae and the principle 
electronic tautomensm is embodied in the following scheme - 
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Cl 


"h 

Cl 
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H H 
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— 4- 


H 
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H H 

\ / 


Br + 


HO NOa 
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/\‘l- 
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OCH, 
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\/ 

Bt + 
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Cl 


H 
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A" 
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+ 

Cl 


Br- 1 

H 


H Na OCHj H 




B' 

^ 



4- 


4* 4 - 



1 H 

\ y* 

NO 2 H 



H 

+ 

NOa 


+ - 
+ Na Br 


Br~ 
(h 3, A-) 
54 80 /o 


OCHo 


Now a surveyor the above scheme shows that those molecules 
of I, 4 -chIoiobiomobenzene which inteiact with nitiic acid to 
give the I, 2, 4 -isomer, which in turn exchanges its chlorine 
atom for OCH3 and yields sodium chloride^ cannot be identical 
with the molecules of i, 4-chlorobromobenzene which inteiact 
with nitric acid to give the i, 3, 4-isomei, which in turn ex- 
changes Its bromine atom foi OCH3 and yields sodium bromide 

— 

In other woids, the i, 2, 4-isomer (A'), containing Cl and Bi 
must be derived from molecules of i, 4-chIoiobromobenzene 
■“ + 

which also contain Cl and Br, le, electiomer A, and the 

+ ■“ 

1,3, 4-isomer (B") containing Cl and Bi, must be deiived fiom 

molecules of i, 4-chlorobromoben2ene which also contain Cl 

and Br, i.e, electiomei B. Thus the existence of two types of 
molecules of ^-chlorobromoben^ene^ namely^ electromers A and B, 
is conclusively indicated Their simultaneous interaction with nitric 
acid clearly indicates tautomeric equilibrium The lelative yields 
of the isomeis A' and B' are functions of the speeds of interaction 
of nitiic acid with the respective electiomei s A and B, and, as 
will be shown in a subsequent chapter, the speeds of mtei action 
aie intimately related to the concentrations of the lespective 
electromers in the reaction mixture. 
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It will not be necessary to extend this chapter by giving 
similarly detailed descriptions of the nitrations of olhei mixed 
dihalogen benzenes, such as /-fluoiochloio-, /-fluoi obromo-, 
/-chloroiodo-, ti-chlorobiomo-, i 7 -chloioiodo-, and u-biomoiodo 
benzene Each example conforms perfectly to the schemes and 
principles just presented In conclusion, it is maintained that 
each of these cases furthei substantiates the principle of electionic 
tautomerism or the existence of electiomeis in dynamic equili- 
brium 

Any objection to the use of the conception of electronic 
tautomeiism on the giounds that electronic isomers (electromers) 
have not as yet been isolated is unwaii anted because the con- 
ception of tautomeiism, both in its historical and practical aspects, 
neither involves nor demands the immediate possibility of the 
isolation of the tautomers In 1885, Laar,’^® in a papei Ueber 
die Moghchkeit mehrerer Strukiurformeln fur dieselbe chemtsche 
Verbindung, defined tautomeiism as the phenomenon of one 
substance doing duty for two structural isomeis, but the isolation 
of dynamic isomers or desmotropes was not effected until iSpS) 
earliest examples being acetyldibenzoylmethane, tribenzoyl- 
methane, and raesityloxide-oxalic ester described by Claisen 
Strictly speaking, the teim tautomeric is now applied to substances 
in which only the equilibrium mixture of the structural isomers is 
known , the term desmotropic is employed in cases wheie the 
isomers have been shown to be capable of independent existence 
The existence of electromeis in dynamic equilibiium has been 
conclusively indicated Their isolation as electronic desmotropes 
has not as yet been effected Further discussion of this phase of 
the subject is considered in Chapters XXIII and XXIV. 

The phenomenon of electionic tautomerism is met repeatedly 
in the interpretations of substitution reactions in the benzene 
nucleus A number of these reactions is described in the follow- 
ing chapter 
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THE SIMULTANEOUS FORMATION OF ORTHO-, PARA-, AND META- 
SUBSTITUTED DERIVATIVES OF BENZENE 

A. Formation of Isomeric Di-substituted Derivatives. 

In the electronic interpretation of the Biown and Gibson lule 
(Chapter IX.), the formations of oitho- and para-compounds on 
the one hand, and meta-compounds on the other, weie legaided 
as distinct and sepaiate piocesses because, as a general lule, 
a given mono-substituted compound yields chiefly a meta-di- 
derivalive or a mixtuie of oitho- and paia-di-deiivatives In 
many substitution reactions isomeric ortho-, para-, and meta-di- 
substituted deuvatives aie formed simultaneously. The Blown 
and Gibson lule does not cover these cases. Consequently it 
becomes necessary to explain (A) the simultaneous formation of 
isomeric ortho-, para-, and meta-di-substituted derivatives, and 
also (B) the simultaneous formation of isomeiic poly-substituted 
derivatives of benzene These explanations involve the electi onic 
formula of benzene, the i ule of substitution, and the conception of 
electronic isomers or electromers in dynamic equilibrium^ i e , elec- 
tronic tautomensm 

It is necessaiy, fiist, to recall a well-established fact, namely, 
that in a mixtuie of two isomers (A B) capable of changing 
one into the other with such readiness that the balance between 
them IS lapidly restored, the addition of a given substance C will 
lesult in reaction either with A, or with B, or with both A and B. 
If intei action occuis between A and C, B will be tiansformed 
into A on account of the distuibance of the equilibrium The 
mixtuie then reacts as though it consisted wholly of A If C 
leacts only with B, the mixture behaves, for the same reason, as 
though B were the only substance* present In some instances 
two simultaneous independent leactions may occur, namely, the 
interaction of A and C simultaneously with the interaction of B 
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— " 1 “ 

and C. In a precisely similar mannei a given leagenl, HO. Y, 
in the presence of a tautomeiic mixture of electiomers 

(C^H^.X ^ CjHb X) 

may leact with the one electiomei or the othei, oi with both 
electromeis A complete scheme of intei action follows — 


+/'\+ 
Hi |H 
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iN/ 

H + 
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/\ 
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+ HO Y 
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Y H 

/ \ 
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H- 


-H 
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H H 
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\ / 
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H- 


It should be observed that if HO.Y leacts only with 


CgHfi X (electromer A) then only ortho- and paia-di-substituled 
deuvatives (A and A") are formed Such is the case when 
chlorobenzene is nitrated the products of the intei action aie 

~ + 

ortho- and paia-chloronitiobenzene If HO . Y leacts only 

— “h 

With CgHg X (electromei B), then only a meta-di-substituted 
derivative (B') lesults Such is the case when nitiobenzene is 
chlorinated' the product of the reaction is meta-chloionitro- 
— + 

benzene. If HO Y interacts simultaneously with both elec- 
tiomers (A and B) then ortho-, meta-, and paia-di-substiluted 
derivatives (A', B', and A", respectively) will be foimed. The^ 
possibility and the extent of these reactions (as m all leactions' 

I with tautomeiic substances) are dependent upon seveial condi- 
tions such as the solvent medium, catalytic agent, tcmpeiatiue,j ^ 
concentration of the electiomei s, the speed of tiansition of one 
electromer into the other, and the respective speeds of intei action 
of the substituting agent with the respective electromeis. These 
conditions are the problems which confiont us m all reseaich 
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involving tautomeis, and likewise will be met in the case of 
electionic tautomeis 

Having given a geneial scheme foi the simultaneous foima- 
tion of oitho-, meta-, and para-di-substituted deiivatives, one of 
the many examples which ate in accord with and, theiefoie, 
confiim the scheme, should now be considcied Foi instance, in 
the niliation of toluene, the substituent (X) alieady piesent in 
the nucleus is the methyl ladical which may function eithei 
positively 01 negatively; but in Section JB of Chaptei IX it has 
been shown that its tendency to function negatively is moie 
pionounced than its tendency to function positively, i.e, 
— ^ 

CH3>CH3 Hence, in the tautomeric equilibiium — 

c'h, CH3, 

the foimei elect! omer would piedominate and inteiaction with 
— ^ 

HO , NO2 would lead to a gieatei yield of and /-mtrotoluenes 
than of ?//-nitrotoluene. The predominance or prepondei ance of 

~ — -f 

the electromer CgHg CH3 over the electionic tautomer CgH^ . CH3 
may be con elated with the speeds of reaction with nitnc acid ; 

1 e., if the foimer electromer leacts more rapidly than does the 
latter electromer, then the yield of ortho- and paia-nitiotoluenes 
would exceed that of meta-nitrotoluenes 

The predominance of one electromei over the othei may be 
regarded as equivalent to a greater concentration of the one 
electromer Since concentration is a principal factor of the 
velocity of leaction, it is evident that a diiect relationship exists 
between the predominance or piepondeiance of a given elec- 
tromei and the velocity of the substitution reaction in which it 
is engaged 

The foregoing assumptions aie confiimed by expeiimental 
facts, since toluene when nitiated yields 56 00 pei cent of the 
40 90 pel cent of the and 3 10 per cent of the w-nitro- 
toluene. The simultaneous formation of the three isomers is 
indicated in the following scheme : — 
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Here electromer A predominates, 1 e , its speed of interaction 
with nitric acid is greatei than the speed of intei action of 
electromer B with nitric acid 

Consider now, on the othei hand, the nitiation of benzoic 
acid The substituent (X) already piesent in the nucleus is 
COgH, which may function eithei positively or negatively, but 

C0^H>C02H, le, the tendency for the carboxyl ladical to 
function positively is more pionounced than is its tendency to 
function negatively Accordingly, in the equilibrium — 


+ - - + 

CgHg COgH CgHo COgH, 

the latter electromer (in which the carboxyl radical is positive) 

would predominate, and if its speed of intei action with HO NO2 

is greater than the speed of interaction between . COgH 

— 

and HO . NOg, then the yield of 7;^2-nitrobenzoic acid should 
exceed that of the combined yields of the ortho- and para- 
compounds These assumptions aie confirmed by the facts, 
since benzoic acid on nitration yields 80 30 per cent of the meta- 
compound, 18 so per cent, of the ortho, and i 20 pei cent of the 
/-mtrobenzoic acid The electronic equations confoim to the 
general scheme given above (p 94) 

Many other examples of the simultaneous formation of oitho-, 
meta-, and para-di-substituted derivatives of benzene might be 
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piesented in detail. They aie in complete agieement with, and 
accordingly confiim, the principle of the electioiuc lautomeribm 
of the electromers of the benzene deuvativcs, the general lule 
foi substitution, and the scheme for the simultaneous formation 
of oitho-, meta-, and paia-di-substi tilted deiivatives of benzene. 


B. Formation of Isomeric Poly-substituted Derivatives. 

The pimciples undei lying the simultaneous foimation of 
poly-substituted deiivatives of benzene aie identical with those 
just given in the piecedmg section (A) and may be illustiated 
by consideimg the introduction of a thud substituent (Z) into 
(i) an oitho-, (2) a para-, and (3) a meta-di-substitiited derivative, 
CgH.XY 


Scheme {T) — IntroducUon of a Third Substituent into mt Ortho-^ 
di-substitiited Derivative. 

Here the electionic tautomerism involves two electiomeis of 
an oitho-di-deiivative These electiomeis will be designated by 
the letters A and B while their substitution products will be in- 
dicated by A^, A'', and B', B", respectively The general scheme 
(i) for the intioduction of the third substituent Z is as follows : — 
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Theoietically and electronically four tii-substituled isomeis 
aie obtainable, namely, A' and A" from electromer A; and B' 
and B" from electiomer B A remarkable experimental con- 
firmation of this scheme is found in the woik of Wibaut’^® who 
showed that the nitration at o° of (?-chlorotoluene yielded all 
four possible mono-mtro-compounds in consideiable quantity. 

7 
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The electronic interpietation is embodied in the following 
equations, which are peifectly comparable to the typical equa- 
tions of scheme (i) above The percentage yield of each isomei 
IS indicated beneath its appiopriate electronic foumila — 
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- 1 - -h 


i 

H 


0 

d 

0 



CHj 

I 

+ 

H 


H- 

17 oo 7 o 


- -1- - -I 

It has been shown that C1>C1, and CHg>CH^j, le, the 
chloiine and methyl radicals may tend m geneial to function 
negatively rather than positively, but in <7-chlorotoluene (eiihci 
electiomei A or B) the substituents must be opposite m polauty. 
This leads to the consideration of a significant question, namely, 
will the polarities of the substituents present in the nucleus pi ede- 
terimne in any tvay the relative quantifies of the isomeric derwa- 
fives which ai e formed In the simultaneous foimation of the 
isomeric di-substituted derivatives of benzene the polaiities of the 
substituents and the tendencies of certain substituents to function 
in one way rather than m another way were shown to be i elated 
to the relative quantities of the isomers (ortho and paia on the 
one hand, and meta on the othei) which weie formed. Now in 
the case of c>-chlorotoluene the two substituents piesent natmally 
tend to function negatively , but, since one must function nega- 
tively while the other functions positively, anothei perplexing 
question arises, namely, is the tendency for chloiine to function 
negatively more pronounced than the tendency for methyl to 
function negatively? An answer to this important question can 
be appioached only m an indirect way by comparing the geneial 

— ^ 

stability of methyl alcohol (HO CHg) with that ofhypochloious 
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acid (HO . Cl) The lattei is undoubtedly the less stable, since 
it IS readily decomposed by light or heat, whereas methyl alcohol 
IS a comparatively stable compound Now, the instability and 
decomposition of hypochloious acid involves the change, as 

previously shown, from Cl to Cl , and since HO Cl is less stable 
1 - 

than HO CHg, naturally it may be assumed that the tendency 
for chlorine to function negatively is moie pionounced than the 

tendency foi methyl to function negatively, i e , Cl > CHy Oi 
111 equivalent teims, the tendency foi methyl to function posi- 
tively IS moie pionounced than the tendency foi chloiine to 

function positively, i.e, CHg > Cl (The lelative tendency foi a 
radical to function m one way rather than in anothei way may 
be defined as its polar stability ) 

These relationships lead to the conclusion that of the two 
electiomeis (A and B) of ^-chloro toluene, the one (A), in which 
(Cl) IS negative and (CHg) is positive, would predominate, which 
m tuin would indicate that the nitiation ofo chloiotoluene might 
yield a greatei quantity of the nitiochlorotoluenes A' and A'', 
than of the nitiochloiotoluenes B' and B't These assumptions 
are confirmed by the facts ^ since Wibaut (loc cit) has detei mined 
the yields of the four mono-nitro~£?-chlorotoluenes to which aie 
assigned, herewith, the abbreviated electronic foimulac in con- 
formity with the preceding scheme of substitution . — 

+ — + 

jEIectromer (A) (A'), CHg Cl NOa (i, 3, 3) . 18 8 pci cent 

+ -" + 

Electromer (A) (A"), CgHg CHg , Cl . NOg (i, 2, 5) . 43*4 n 

62 3 ,, ,, 

207 „ 

3:7 I n 
37 7 M 

The combined yields of A^ and A''' total 62*2 pei cent, as against 
377 per cent, the combined yields of E' and 

Attention should be called to the fact that the percentage 
yields of the isomeric products of nitration of ortho-chlorotoluene, 
;n the preceding scheme (x), and also the percentage yields 

7 * 


— 4, 4. 

Electromer (B) (B^, CgHg CHg. Cl HO3 (i, 2, 6) 

— 44 

Electiomer (B) (B"), CgHg CHg . Cl . NOg (r, 2, 4) 
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of the isomeric products of nitration of paia- and meta- 
chlorotoluene in the following schemes (2) and (3) icspectively, 
were determined by physical methods — piocesses of fi actional 
crystallization and comparison of curves of fusion of mixtuies of 
unknown composition with those of known composition 


Scheme (2) — Introduction of a Third Substituent into a Paia-- 
di-substituted Derivative 

Considei now the introduction of a third substituent into a 
para-di-substiLuted derivative of benzene according to the follow- 
ing scheme (2) — 



X 

1 

X 

H| 


h! 

+ B' 


+ 

h'\/H 


y-1- 

Y~ 


Theoietically and electionically, two and only two tri-substi- 
tuted derivatives are possible, namely, h! and B' from elcctromeis 
A and B respectively One of seveial senes of expeiiments 
which confiim the above scheme is the nitiation at 0° of p- 
chlorotoluene by Holleman,’^^ who demonstiated that only two 
mono-nitio-Z-chlorotoIuenes weie pioduced. The couelation of 
these facts with the electronic formulas is embodied m the follow- 
ing scheme — 


- 

+ 


- 

H- 

Cl 

Cl 


Cl 

Ci 

+/\+ 


- 'h 

-H /\ -h 

I-r ^NOg 

H^'^H 

A 

B 

>• HO NOg 
> 


B' 

4- 1 





IIs^y-NO, 

CH3+ 

CHj- J 


CH,+ 

CH,- 


i.3 ' V-ri« r 

42 00 °/„. 58 00 "/o. 

+ +■ 


Since C1>CH3, or CH3>C1, one would be disposed to as- 
sume that electromer A would predominate and, accordingly, the 
nitration of para-chlorotoluene would be expected to yield a 

i-j- — 

greater quantity of A', QH3 CH3 , Cl NOj (i, 4, 3), than of B', 

Cl NOg (i, 4, 3) This assumption is not lealized 
since the yields are 42 00 per cent of A' and 58-00 pei cent of 
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B' This leads to the assumption that the lelative polar 
stabilities of substituents in para position to each othei may 
diffei fiom the relative polai stabilities of the same substituents 
when in the oitho position to each othei. Foi example, m the 
pieceding scheme (i) for the mtiation of ortho-chloiotoliiene, 
electromei A piedominates , but in scheme (2) for the nitration 
of paia-chlorotoliiene, electiomer B piedominates Hence, m 
scheme (2) the speed of intei action of electiomer B with nitric 
acid IS gieatei than the speed of mtei action of electiomer A 
with nitric acid foi the yield of B' is gieatei than the yield of A' 
Thus the speed of interaction of the lespective electiomeis with 
the substituting leagents deteimines the yields of the substituted 
pioducts. 


Scheme (3 ) — InU oduction of a Third Stihsiituent into a Meta- 
di-substitnted Derivative. 

The intioduction of a third substituent into a raeta-di-substi- 
tuted deiivative of benzene coi responds to the following geneial 
scheme — ■ 


X 


+ 

X 


H 


H ^ H 

/ \ 

H 

- 4* H 



A 

<r“ 

B 


* HO.Z 

B' 



— -j_ 



I r— -} 


h' 

\ / 

y H 


y 

z< 



H + 


H- 


X 


H- 


X 


H 


H + 


X 

+ f\+ 




X 

TT^ ^ 2 , 



H H 


H H 


A' 

+ 

A" 


A'" 

\ y 

■Y H' 

1 

Y H 

\ J 


H + 


Since the substituents X and Y occupy positions meta to 
each other they must be of the same polarity, i e., both are 
negative in A while both aie positive in B. Some interesting 
theoietical and expeiimental lesults piesent themselves, depend- 
ing upon the tendencies of X and Y to function positively or 
negatively. If both X and Y belong to that class of substituents 
which lead to the formation chiefly of ortho- and para-derivatives 

(which IS the case when X > X and Y > Y), then electromer A 
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would piedominate and the chief substitution pioducts would be 
A', A", and A"'. Fuitheimoie, since X and Y aie mcta to each 
other and each is natuially negative, electiomer A might pre- 
dominate to the exclusion of electromer B , and the introduction 

-V 

of a third substituent Z woul'd lead to the foimation of only 
three isomeiic tii-siibstitution products, namely, A', A'", and 
Just such a case is found in the nitration at o'" of ?;^-chIoio- 
toluene by Wibaut (loc. cit) The peicenlage yields of the 
isomers aie indicated in the scheme — 


CII3 

H 

A 

H + 


CH, 


+ 


H + 
(1. 3. 6) 
5800°/, 


NO3 + 
(I. 3. 4) 

3a 30 7 a 


CH., 

+ /\ <- 

^iNOa 


- + NOo 


H H 


H H 


HONO 2 

A' 

+ 

A" 

-1- 


— 


— ^ 


— — 

1 A'" 

H 

\/ 

Cl H 

\ / 

Cl ri 

\J 


tl 

H + 
(i, 3, 2) 

8 8o7o 


Now it has been shown m some instances that the tendency 
foi chlorine to function negatively is more pi onounced than the 


tendency for methyl to function negatively, 1 e , Cl > CII j. This 
leads to the assumption that the enteiing positive nitio radical 

would be moie subject to the directing influence of Cl than of 

~ ^ -j, 

CH3 Now Cl directs NOg to the para position lather than to 
the oitho position, since chlorobenzene on nitiation yields 69*90 
pel cent of /-nitiochlorobenzene, and 30*10 pei cent of 

— -j, 

chlorobenzene On the other hand, CHg dnects NO2 to the 
oitho position lather than to the para positions since toluene 
on nitration yields 56 00 per cent, of the 0^ and 40 90 per cent 
of the /-mtrotoluene. Accordingly, when <?-chloioioluene is 
nitiated, one should expect the greatest yield to be that of 

4" — 

isomer (A^) in which NO2 occupies a position para to Cl and 

ortho to CHg A smaller yield would be predicted for that 
•f ~ 

isomer (A") m which NOg is ortho to Cl and pam to CHj. The 
smallest yield would be predicted for the isomer (A'") m which 
+ — — 

NO2 IS ortho to Cl and oitho to CHg These assumptions are 
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fully confiimed by the facts since the lespective yields of the 
thiee isomers, K, and A'", are, lespectively, 58*00 pei cent , 
32 00 pel cent, and 8 80 pei cent This constitutes a fmthei 
pi oof that the polarities of the substituents m the nucleus and 
their tendencies to function in one way rathei than in anothei 
way piedeteimine not only the type of Hibstitution but also the 
lelative quantities of the isomeis pioduced, 

Retuining again to the geneial scheme (3) above, it should 
be noted that if X and Y belong to that class of substituents 
which lead to the foimation chiefly of meta deiivatives, which is 

the case when X>X and Y>Y, then electromer B would pre- 
dominate Accordingly, the intioduction of a third substituent 
Z would lead to the foimation chiefly of the tri-substitution 
piodiict m which all three substituents (X, Y, and Z) aie positive 
Many examples aie found in the literature which show that 
when the substituents in the nucleus are positive, the entering 
substituent assumes a position meta to those piesent, and the 
piedominating isomei coriesponds to B', the derivative of elec- 
tromei B Exact quantitative data upon the amounts of the 
other possible isomei^) have not been found in the liteiature 
Having consideied all of the possibilities which might be 
encounteied in the introduction of a third substituent Z into an 
oitho-, a para-, and a meta-di-substituted derivative, CgH4XY, 
of benzene, and having shown that expeiimental facts and data 
are in agieement with the theoretical deductions, with the 
electionic foimulsc, and the principle of electronic tautomeiism, 
and with the geneial electionic lule foi substitution, it should be 
added that the foimation of other poly-substituted derivatives 
of benzene will conform m geneial to the pimciples and rule 
pieviOLisly developed and illustrated This claim is warranted 
by a careful study of the numeious tables of the vaiiously 
substituted derivatives of benzene which have been compiled 
with great care and piesented by Holleman (loc. cit ) in his 
extended work on the influence of the substituents in the benzene 
nucleus, and the principles of substitution 
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THE ACTION OF SODIUM METHYLATE ON THE PRODUCTS 
OF NITRATION OF THE ORTHO-, PARA-, AND META-CHLORO- 
TOLUENES 

In the pieceding chaptei it was shown that unless oitho-, 
pat a-, and meta-chlorotoluene manifest the phenomenon of elec- 
lionic taiitomensm it would be impossible to explain the 
simultaneous formation of the variously substituted isomeiic 
nitro-denvatives when the chloiotoluenes aie nitrated The 
punciple of electronic tautomensm involved m the explanation 
of these substitution reactions will receive fuither expeiimental 
confixmation if it is possible to show by hydrolytic leactions that 
some of the nitio-denvalives aie the pioducts of the mteiaction 
of one of the electiomeis of a chloiotoluene while the othei 
isomeiic nitro-deiivatives simultaneously foimed aie the pioducts 
of nitiation of the other electromer of the chloiotoluene. 

To this end, attention must be diiected throughout this 
chapter to schemes (i), (2), and (3) of the preceding chapter for 
the nitrations respectively of (i) oitho-, (2) paia-, and (3) meta- 
chloionitrobeiizene These schemes constituted the electronic 
explanation of the nitration reactions conducted by Wibaut, 
Plolleman and Wibaut, respectively, who clelei mined the pei- 
centage yields of the several isomers of each nitration by physical 
methods — processes of fractional crystallization and comparisons 
of curves of fusion of mixtures of unknown composition with 
those of known composition. 

In each of these schemes it will be observed that the elec- 
tronic foimute of the isomeric nitration products (A^, A'', etc) 
of the electromer A embody negative chlorine while those (B', 
B'', etc.) of electromer B embody positive chlorine. Now, if it 
be possible to show by quantitative chemical methods that the 
yields of the isomers (chloromtrotoluenes) which contain negative 
chlorine aie commensurate with the yields of the same isomers 
ascertained by Holleman and Wibaut by physical methods, then 

104 
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the conception of the electionic laulomeusm of the chloiotolucncs 
as indicated in schemes i, 2, and 3 is, to this extent, fuither 
substantiated. 

The chemical method foi the deteimination of the yields of 
the isomeis containing negative chloime depends, fust, upon the 
completeness of then intei action with sodium methylate and, 
second, the non-interaction of the isomeis containing positive 
chloime. In oidcr to test the applicability of these two points, 
the action of sodium methylate in methyl alcohol solution upon 

p-, and ;;/-chloionitiobenzenes was investigated These 
isomeis weie chosen because it is commonly lecoided that the 
0- and /-isomeis exchange their halogen atom for OH, 0(CH3), 
01 NH2, while the ;/Msomer is non-reactive. 

An interpietation of these reactions has been given lu 
Chaptei VIII, Section A, from the standpoint of the clectionic 
foimula of benzene and the substitution lule The abbieviateci 
electionic formulae of the chloionilrobenzenes aie as follows* — 


Cl 

Cl 


/\ 

1 

/\ 

1 

Clj jNOj 

1 1 
\/ 

\/ 

\/ 


NOa + 



Only those isomers containing negative halogen {0- and /-) 
should internet with sodium methylate, thus 

+* 4, 4,— 

NO2 Cl + Na.OCH, ^ NO, OCHj + Na Cl, 

and the ;;2-isomer, containing positive chloime, should be non- 
reactive under the same conditions 

The extent of the replacement of negative chloiine can be 
found by detei mining the quantity of sodium cliloiide liberated. 
After repeated expeiiments, designed to secuie the conditions 
noted, the following method was found to yield theoretical 
lesulis About o 2 giam of the chloiomtiobenzene was dissolved 
in 1 5 C.C of a noimal solution of sodium methylate in absolute 
methyl alcohol The solution was heated at 100° in a sealed 
glass tube for 5 houis The contents of the tubes were then 
diluted to a volume of 300 c c., acidified with nitric acid, boiled 
to expel the methyl alcohol, cooled, and filteied* The quantity 
of sodium chloride ui the lespective filtrates was determined by 
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titiation with standaid solution of silvei nitiate The following 
results were obtained — 


Substance 

(Grams ) 

No c c 0(3C)57N 
AgNO>] Solution 

Pei Cent 
NcK'itive CI 
Pound 

Pti Cent 
Ntg'iti\L CI 

1 hcoitta U 

— + 





o^Cl CgH^ NO2 
+ 

0 2005 

12 81 

22*56 

1>2 51 

fCl NO2 

+ + 

0 2007 

1278 

22 ^8 

2 ^ 5 t 

;«-Cl NO2 

0 1992 

0 00 

0 00 

0 00 


These results show conclusively that isomeis containing 
negative chlorine may' be estimated quantitatively, piovicled 
conditions aie secuied for then conplete interaction with sodium 
methylate, while under the same conditions the isomei containing 
positive chlorine is non-ieactive 

The chief problem of this investigation was to seciiie con- 
ditions undei which the negative halogen atoms of the nitiatiou 
products of and ;;2-chloiotoluenes would completely interact 
with sodium methylate and thus affoid a chemical method for 
detei mining the percentage yields of the isomeis of chloionitio- 
toluene which contain negative chlorine. A compaiison of the 
chemically detei mined and the physically detei mined yields 
could then be made With this end m view, (?-, and ;;^“Chloio- 
toluenes were each separately nitrated (at 0°) accoiding to the 
specific diiections given by Wibaut, Holleman and Wibaiit, 
respectively dhe methods weie oiiginally designed to yield 
only mono-nitro substitution pioducts. The respective pioducts' 
of nitration of each of the chlorotoluenes, which consisted of 
mixtures of the different isomeis (nitiochloiotoluenes), as indi'- 
cated in the preceding schemes i, 2, and 3, weie treated with 
sodium methylate solutions of vaiying concentrations — 0‘S iV, 
iV, 2 N, and 3 N Samples, 0 2 to 0*4 gram, of the nitiation 
products were heated, each with 1 5 c c of the sodium methylate 
solution 111 sealed tubes, for 10 houis at 100° The contents of 
the tubes were then analysed, as previously desciibed, for the 

+ — 

negative chlorine, liberated as Na, Cl, piecipitated and weighed 
as silver chloride The percentage yield of the combined isomers 
containing negative chlorine was calculated from the latio 
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Ag Cl • Cl.NO^ CHg . C^jHg. The lesulls of these expeii- 
ments are lecoided in thiee sections ( 1 .^ II , and III ) to coirespond 
with schemes i, 2, and 3 foi the nitiation of 0-^ and m- 
chloiotoluenes, lespectively All leactions weie conducted in 
duplicate 

TABLE I 

I Acuon 01 Sodium Mmiiyiail on 'ihe Isomfrs Dfrivli) i rom 
0 Chuoroioluene 


(See Scheme i ) 


Mixture 
of Isomers 
(gram) 

Normality 

NaOCHg 

AgCl 

(gram) 

Pei Cent yield of Isomers A' -h A" 

(i, 2, 6 and i, 2, 4- Cl, CH3, N^a, C^Ha) 

A\ erngo 

0 2625 

0 5 iV 

0 1163 

53 01 


0 243^ 

, 0 5 iV 

0 1084 

53 29 

53*15 

0 2835 


0 1388 

5858 


0 2938 

>N 

0 1^46 

58 89 

5873 

0 3283 

- 2N 

0 1362 

49 64 


0 2994 

2 N 

0 1254 

50 12 

49 88 

0 2772 


0 088^1 

38 16 


0 2940 

3N 

0 0941 

38 30 

3823 


These results indicate that the extent of the leaction with 
sodium methylate is gieatest in the noimal solution. A S8 73 
per cent, yield of the combined isomeis containing negative 
chlorine was obtained The yields of these isomeis determined 
by the physical methods of Wibaut total 62*20 per cent The 
yields obtained by the two methods, while not identical, ap- 
proximate closely Vaiiations will be considered latei 

TABLE II 

II Aciion of Sodium Meiiiylate on the Isomers Derived irom 
p Chloroioludne 


(See Scheme 2 ) 


Mixtuie 
of Isomers 
(gram) 

Normality 

NaOCIIj 

AgCl 

(gram) 

Per Cent Yield of Isomer A' 

H- -|- 

(i, 2, 4 Cl, NO2, CII3, Cfillj) 

Aveiage 

0 2707 

osN 

00799 

3 S 33 


0 2868 

0 5 N 

0 0842 

35 13 

35*23 

0 306S 

N 

0 0946 

36*89 


0 2608 

N 

00773 

35*47 

36 18 

0 285 j. 

2 iV 

0 0750 

31*44 


0 3068 

2 N 

0 0780 

30^2 

30*93 

0 3297 

3 N 

0 0814 

29 54 


03037 

3 

0*0769 

30*30 

29*92 
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Heie also the extent of the reaction with sodium methylate 
was greatest m the normal solution, which indicated a yield of 
36*18 pel cent of the isomer containing negative chloiine The 
yield of the same isomer determined by Holleman (fusion cmve 
method) was 42 00 per cent. 

TABLE III 

III, Action of Sodium Methylate on hie Isomers Di-kivm) irom 
?r-Chlorotoluene. 


(See Scheme 3 } 


Mixture 
of Isomers 
(gram) 

Normality 

NaOCHj 

AgCl 

(gram) 

Per Cent Yield of Isomeis 

A' -j- A'", I, 3, 6 -E I, 3, 4 4 

I, 3. e-CHu. Cl, NOj, CA 

Average 

02257 

osN 

0 1652 

87'59 


0 2510 

05 N 

0 1843 

87 86 

87 77 

0 2672 

N 

0 1987 

88 99 


0 2520 

N 

0‘i8S3 

87 99 

88 49 

0 26 ;o 

2 N 

0 1898 

85 06 


0 3212 

2N 

0 230S 

85 98 

8552 

0 2809 1 

3iV 

0 1923 

81 92 


0 2808 

3iV 

0 188S 

80 46 

1 81 ig 


Again the extent of the leaction was gieatesl in the noimal 
solution indicating a yield of 88*49 per cent, of the Ihiec isomeis 
containing negative chlorine. Wibaut (fractional ciystallization 
and fusion cmve methods) obtained a 1 00 per cent yield of 
these isomers 

The yields of the isomers containing negative chlorine de- 
termined by physical methods and the maximum yields of the 
same isomers determined by the chemical methods just described 
are summarized m the following table : — 

TABLE IV 


Scheme 

Isomers 

Physical. 

Chemical. 

Percentage 

Ratio 

I 

(A' + A") 

62 20 (Wibaut) 

58 73 (Fry) 

94*42 

2 

W) 

42 00 (Holleman) 

36 18 „ 

86 14 

3 

(A' + + A"') 

100 00 (Wibaut) 

88 49 „ 

88 49 


The extreme care with which Holleman and Wibaut con- 
ducted their physical determinations leads one to accept their 
results as practically final Accordingly, in the last column 
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above, the chemically determined yields aie recoided as per- 
centages of the physically detei mined yields. If each of the 
values in the last column was 100 per cent then it might be 
asserted without question that the conception of the electronic 
tautomeusm of the 0-, and ;;2-chloro toluenes given 111 schemes 
I, 2, and 3, respectively, is completely substantiated by chemical 
methods It may, neveitheless, be maintained that in so far as 
the values in the last column do appioach the theoietical, so 
fai, at least, do they substantiate both by physical and by 
chemical methods the electionic taulomensm of the chloro- 
toluenes, Moieovei, it may be said that the electionic tauto- 
merism of 0-, p-, and 7;^chloiotoluenes is the only hypothesis 
that has accounted foi the leplaceabihty of ccitain halogen atoms 
m some of the isomeric nitiochlorotoluenes and the non-replace- 
abihty of certain halogen atoms in others The data presented 
in tins chaptei substantiate the hypothesis. 

The fact that the chemically determined quantities of the 
ibomeis containing negative chlorine were less than the quantities 
detei mined by physical methods may have been due to two 
causes Fust, the mtei action with sodium methylate of one 
01 moie of these isomeis in the mixtures may have been in- 
complete This IS not likely, since the results of the expcii- 
ments with the analogous chloionitrobenzene gave lesults in 
pel feet agieement with the iheoiy Fuithermore, a survey of 
the quantitative data given in connection with schemes i, 2, 
and 3 shows a maximum replacement in every icaction in which 
the uninormal solutions of sodium methylate weie used Con- 
centrations below or above 1101 mal gave lowei yields 

In the second place, the low yields of the isomers containing 
negative chloiine may be due to the fact that the lelative quan- 
tities of the isomers obtained onnitiation of the chlorotoluenes in 
Holleman’s laboi atones may not have been identical with the 
relative quantities of the same isomeis obtained m this laboratory, 
even though the oiiginal diiections given by Holleman and 
Wibaut were catried out precisely. The variations are most 
likely due to lack of standardization in certain details of manipu- 
lation, such as the late of the addition of the nitiic acid, methods 
ofstunng, cooling, etc. While the temperature variations were 
kept within the prescribed limits, primarily to avoid the formation 
of poly-nitro-derivatives, it is quite likely that the local temperature 
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effects in the reaction mixture may have alteied the lelative 
quantities of the isomeis foimed. In fact, I have found that 
when nitrations were conducted sepaiately, but undci identical 
conditions, vaiiations in the fusion points of the lesulting mixtiues 
were noted This signifies conesponding variations in the i da- 
tive quantities of the isomers in these mixtures 

In conclusion, the variations between the chemically and the 
physically determined yields arc not sufficient to invalidate the 
principle of the electionic tautomensm of the chloiotoluenes 
The conception affords a consistent inteipietation of the observed 
facts, and is substantiated m a great measuie by the quantitative 
data offeied in this chaptei A one bundled per cent quantita- 
tive confirmation of the electionic tautomensm of the mixed cli- 
halogen benzenes (notably para-chloiobromobenzene) is found in 
the experimental data presented in Chaptei X Indeed, the 
agreement between experiment and hypothesis, definitely indi- 
cated in Chapters X, XI and XII, establishes the pimciple of 
the electronic tautomensm of benzene deiivativcs This piinciple 
makes it possible to inteipret the simultaneous foimation of 
ortho-, para-, and meta- di-substituted, and poly-substituted de- 
rivatives of benzene 



CHAPTER XIIJ 

THE MECHANISM OF SUBSTITUTION IN THE BENZENE NUCLEUS 

The pieceding inteipietations of substitution icactiuns dealt 
with the simplified electionic foimula of benzene in which only 
the polaiiiies of the liydiogen atoms and substituents weie 
indicated A moie compi ehensi ve desciiption of the mechanism 
of substitution icactions lequiies that some account be taken of 
the pait played by the centiic valences oi double bonds of the 
benzene nucleus The fiist part of this discussion lelates to the 
mechanism of the electionic tautomensm of benzene deiivatives. 


A. The Mechanism of Electronic Tautomerism of Benzene 

Derivatives. 

The impoitant pait played by the piinciple of electionic 
tautomensm in the explanation of substitution in the benzene 
nucleus leads to the consideration of a mechanism which involves 
the centric valences of the cat bon atoms of the nucleus The key 
to this mechanism is embodied m’ the assumption (to be sub- 
] stantiated by expeiimental facts) that when a given hydiogen atom 
\oi substituent is negative it is united to a carbon atom which pos- 
I sesses a positive centric valence On the othei hand, when a h3^dio- 
gen atom or substituent is positive it is united to a carbon atom 
which possesses a negative centiic valence These assumptions ai e 
embodied m the following formulas illustiating more completely 
the electionic tautomensm of a mono-substituted deiivativc 
X X 

|~ 1 + 


+ 



H- 


H- 


-\+ 
■ . /I 




\ 


-H 


- -H 


-II 


1+ h 

H H 


III 
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The electronic tautomeiism of a poly-substituted deiivative would 

conform to the same principles and like scheme 
— ^ ^ 

When X becomes X (X -*> X + 2@) the polaiity of the cat bon 
valence binding X is changed fiom positive to negative, i e, in 
terms of the electionic conception of oxidation and i eduction, 
the positive valence has been reduced to a negative valence On 

the othei hand, when X becomes X, the valence binding X is 
changed from negative to positive, i e , it is oxidized Simul- 
taneously, corresponding changes occui in the polaiities of each 
of the other hydiogen atoms or substituents, and the caibon 
valences binding same In othei woids, foi each oxidation Iheie 
IS a coi responding reduction , otherwise, the symmeliy and, con- 
sequently, the stability and composition of the benzene nucleus 
would be alteied 

Anothei important point to be observed in the above scheme 
IS that the tiansition from the oneelectiomei to the othei involves 
a change in the polaiity of each centiic valence This type of 
change is defined as centric rearrangemefit A complete scheme 
of the several possible centric foimulae of benzene and their 
transitions to the Kekul6 foimulse will be shown, in a subsequent 
chapter, to involve changes from double bonds of the type 
+ ”* 

(C==C), termed coniraplex^ to double bonds of the type 
-* + 

-j, — 

(C==C), termed dtplex. Such changes, contraplex-diplex iransi- 
+ — 

ttons^ take place in those compounds which show distinct bands 
in their absorption spectra Accordingly, they seive as a 
structural basis for the development of a lelationship between 
chemical constitution and absoiption spectia. In other words, 
the rearrangements of the centric valences and the concomitant 
contraplex-diplex transitions cause a distuibance in the vibiations 
of the systems of electrons, whereby light of coii elated peuod is 
absorbed m accordance with the theoiy of resonance By means 
of the various electiomc formulae of benzene and their systems of 
dynamic equilibria, it will be demonstrated that a definite re- 
lationship exists between the oscillation frequencies of the seven 
bands in the absorption spectium of benzene and the numbers of 
contraplex-diplex transitions involved, which function as the 
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oiigin of the lespective absoiption bands This relationship is that 
of a lineal function expressed by the equation,^ = 21 60628.^ 4* 
3679 ’S09, m which (f) IS the oscillation fiequency of a given 
band, and (x) is the numbei of contiaplex-diplex transitions 
functioning as the oiigin of the given band The deviations of 
the calculated fiequencies fiom the obseived fiequencies aie less 
than the limits of eiroi m expeiimental obseivation Other 
similai and exact lelationships aie developed and found to hold 
for the oscillation fiequencies of the absorption bands of naphtha- 
lene/^ chloiobenzene and biomobenzene/^ and foi the fluoies- 
cence bands of anthracene and phenaiithrene This woik, which 
will be fully desciibed later, has been biiefly indicated here 
because thiough these physical measuiements an experimental 
confiimation is offeied foi the hypothesis of contiaplex-diplex 
liansitions which involve centiic leairangements, 1 e, changes m 
the polarities of the centiic valences of benzene These centiic 
valences and leanangements will now be shown to play a very 
definite part in the fuithei development of the mechanism of 
substitution in the benzene nucleus 

B. The Mechanism of Substitution : an Electronic 
Interpretation of the Hypothesis of Holleman. 

Holleman in his woik on Die direkte Etnfuhrung von Sub- 
stituenten in den Benzolkern^ has desciibed and discussed the 
various hypotheses which have been advanced at different times 
to explain the lules of substitution, but he is of the opinion that 
none of these hypotheses is able to give a satisfactoiy explana- 
tion of the facts. Fuitheimoie, Holleman, in a lecent papei,®^ 
makes this statement — 

Notwithstanding the fact that the pioblem of substitution 
m the benzene nucleus has been studied intensively enough of 
late, theie still lemains a fundamental question which has not 
yet been solved , it is the question of knowing the leason why/ 
such 01 such giOLip diiects a new substituent chiefly to the para-|v 
orLho positions or chiefly to the meta position i 

Apropos of this statement, it has been shown that the 
electronic foimula of benzene and the electionic inteipretation of 
the Blown and Gibson lule do affoid an explanation, m the sense 
that if the substituent m the nucleus is negative then the entering 
positive substituent must assume a position eithei oitho or para 

8 
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to the substituent already piesent , and, if the substituent in the 
nucleus is positive, then the enteiing positive substituent must 
assume a position meta to the one alieady piesent This hypo- 
thesis has been substantiated by numeious examples of substi- 
tution The mechanism, or schemes, for these leactions as 
previously presented involved the simplified electionic foimulae 
foi benzene indicating only the polaiities of the hydiogen atoms 
and substituents, and the electronic foimulae of the substituting 
reagents, but, since it is geneially conceded that substitution m 
the nucleus involves (i) the addition of the substituting leagent 

(for example, HO. Y) and (2) the elimination of certain elements 

-j, — 

(for example, H OH), it follows that any mechanism pioposed 
to account foi these changes (l and 2) must considei the part 
played by the centric valences 01 the double bonds of the nucleus 
Foi the present, it is simplex to indicate the pait played by the 
free centiic valences m effecting the addition of the substituting 
reagent, lather than to picture the pait as played by the “ opening 
up” or ^‘bieaking” of the double bonds. In eithei case, the 
mechanism of the change involved would amount to one and the 
same thing, since the centric formula is simply an intei mediate 
phase between the Kekule foimulse, 01 phases, which possess 
double bonds 

From the above points of view a moie complete mechanism 
of substitution will be indicated , first, for the formation of an 
ortho-di-substituted deiivative, m which case the substituent (X) 
present in the nucleus functions negatively, and the entering 
substituent (Y) is positive The foimulEe will indicate only the 
polaiities of the bonds oi valences which aie immediately related 
to the paiticular changes. 




X 



X OH 

+ + 



H + 
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X 



H+ 


The formation of a paia-di-substituted deiivative also involves 
the elect! omei in which X is negative, and the enteiing substitu- 
ent Y, positive 



On the other hand, the formation of a meta-di- substituted 
derivative involves the electromer m which X is positive, and the 
entering substituent Y is positive. 
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In each of the above schemes, the addition of the radicals of 
— ^ 

the substituting reagent (HO and Y) engages only two of the 
SIX centric valences The remaining centric valences lend them- 
selves to the formation of double bonds in the addition product, 

This addition reaction is followed by the elimination of H and OH 
as water and a consequent return to the centnc foimula of the 
di-substituted deiivative 

-I- — 

The substitution of halogen (Y^ = Y ■+ Y) would con espond 
+ “• 

to the addition of Y and Y to the centric valences with the sub- 
+ “ + 

sequent elimination of H . Y and the fixing of Y m the nucleus, 

4 - 

either ortho or paia to X, or meta to X. In Chaptei XV a 
mechanism is given for the action of halogen cariieis in effecting 
nucleus substitution, which is directly correlated with the above 
schemes The halogen carrier forms an unstable addition com- 

+ 

pound with the radicals Y and Y of the halogen molecule Y^. 
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This unstable addition compound either induces the direct com- 
4 * — 

bination of Y atid Y with centiic valences, oi the dissociation 
pioducts of the addition compound itself combine with the 
centric valences. In eithei event, subsequent elimination of 

H . Y (and the concomitant regeneration of the cauiei) lesults m 

- 1 " 

the nucleus substitution of Y. 

An examination of the piecedmg mechanisms of substitution 
j j shows that the polarity of the substituent X present in the nucleus 
Ij and the polarities of the centric valences predetermine the types of 
|! substitution which result in the formation either of ortho- and para- 

ij + _ 

I derivatives^ or of meta-derivatives If both electiomers (C(,Hg . X 
- h - + 

and X) inteiact with HO Y, simultaneous foimation of 

I ortho-, para-, and meta-deiivatives follows as pieviously descubed 
; and confiimed by extended expeiimental facts and data. 

It may now piove inteiesting to show that the mechanism 
foi the formation of ortho, para, and meta classes of deiivatives 
as proposed by Holleman may be coi related with the electionic 
foimulae and substitution schemes just presented. 

I On the basis of the Kekul6 foimula (the centric formula 
applies equally well) Holleman supposes that the substituent X, 

I ahcady present in the nucleus, may either promote oi letaid the 
i addition of the ladicals of the substituting leagent to the double 
bonds (or to the centiic valences). If X piomotes addition, the 
ortho and para compounds are formed, addition having taken 
place m position i, 2 (or i, 6) and i, 4 respectively Conjuga- 
tion'^ IS assumed to cause the addition in the paia (i, 4) position 
accoiding to Thiele’s hypothesis On the other hand, the addi- 
tion of the substituting leagent to the double bond (01 to the 
centric valences) of caibon atoms 2 and 3 cannot be greatly 
influenced by X, because X is not m diiect relation with either 
of these atoms In other words, under the influence of X, the 
speed of addition to position i, 2 (or i, 6) and i, 4 is either 
acceleiated or retarded, while the speed of addition to position 
2, 3 (or 5, 6) is about the same as in the non-substituted benzene 
itself Accordingly, when X acceleiates the reaction, substitu- 
tion takes place in positions ortho and para ; when the accelera- 
tion IS gieat, the oitho and para products will be formed 
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exclusively, foi the quantity of the meta pioduct which could be 
foimed simultaneously through addition to position 2, 3 is then 
so small that it is not peiceptible. When, on the othei hand, 
the acceleration is not so gieat, the meta isoniei may also be 
formed 

In the case where X letards the leaction, the addition to 
position 2, 3 predominates and pioceeds more lapidly than the 
addition to position i, 2 (01 i, 6) and i, 4 The meta isomei 
then becomes the principal pioduct 

Holleman illustiates the mechanism of these types of addi- 
tion by supposing CgHgX to undergo nitiation, m which case 
nitric acid adds as HO and NO2 The addition compounds aie 
as follows — 


HO X 


X 

A 

6 2 

NO,/ 

\/ 

5 q 

V 


\/ 



Ortho 


HO X 



H NO 2 

Para Meta 


By the subsequent removal of H and OH as watei, an oitlio, 
a paia, or a meta compound is formed 

Now it should be noted that the above addition compounds 
as foimulated by Holleman are identical with the electronic 
foimulce for the addition compounds pieviously indicated, but 
with this important exception* the electronic foimuhe, by 
indicating the polarities of the hydrogen atoms, the substituents, 
the centric valences, and the radicals of the substituting reagent, 
make possible a formula-^mechamsm by tvhtch addition must take 
place m one way rather than tn some other way On the other 
hand, the ordinary Kekul6 and centric foimulre c^nnotyper se, 
indicate why addition should proceed in one way rather than in 
another. For instance, the addition of HO . NO^ in Holleman’s 
scheme unites OH to carbon atom i, and NOg to caibon atom 
6. Now as far as the regular KekuI6 or centric formula is 
concerned OH might just as well unite to atom 6 while NOg 
unites to atom i Other additions are structurally possible in 
positions I, 4 and 2, 3 In other words, six types of addition 
instead of the three as indicated by Holleman are possible fiom 
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the standpoint of the oidmaiy stiuctural foimulce Hence, it is 
evident thit some qualification or limitation of the types of addition 
must he made This, of course, is true of any hypothesis which 
deals with stiuctural foimulse and pioposed mechanisms of le- 
action, but the maiked superiority of electionic formulae over 
oidinary structuial foimulse lies in the fad that the valences of 
the atoms and radicals may be qualified, in conformity with facts 
of experiments, as positive or negative, a distinction which 
cannot be embodied m the ordinaiy foimulcC. Therefoie, the 
electionic valence hypothesis which peimits of such qualifications 
possesses gieatei significance in the mteipietation of chemical 
phenomena than the ordinaiy valence hypothesis. 

It may now be demonstiated that Holleman’s formulae for 
the ortho, para, and meta addition compounds may be intei- 
pieted m teims of positive and negative valences Fuitheimoie, 
this interpietation logically leads to the same electronic foimulse 
that weie proposed foi these addition compounds in the fiist 
pait of this section (B) This necessarily follows if we admit 

that the electronic formulae of water and nitric acid are H OH 

r- 4. 

and HO. NOg, respectively, and, that the benzene molecule is 
symmetrically constituted, 1 e., fiom the electronic point of view 
that foi every positive charge 01 valence theie is a corresponding 
negative charge or valence. The correlation of HollemaiVs 
foimulae with the electronic formulae is as follows : — 

In HollemaiVs ortho addition compound, the union of OH 
4* 

with carbon atom i, and NOg with caibon atom 2 or 6, means 
that the free valence of atom i is positive while that of atom 2 

or 6 IS negative In the para addition compound, NO^ unites 
to caibon atom 4 which, accoidmgly, possesses a free negative 
valence In othei words, the ortho and paia addition com- 
pounds show that the centiic valences of positions 2, 4, and 6 
aie negative while i is positive. Consequently, fiom the 
symmetry standpoint, the centric valences of positions 3 and 5 
are positive just as i is positive 

The polaiities of the hydrogen atoms and substituents of the 
nucleus are indicated by Holleman’s assumption that the di- 
substituted deuyative is foimed through the elimination of w^ter 
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Li. OH, In Holleman^s foimula for the ortho addition com- 
pound, the hydrogen atom of position 2 or 6 is eliminated with 
the hydroxyl radical of position i , and in the pai a addition com- 
pound the hydrogen atom of position 4 is likewise eliminated with 
hydioxyl of position i Since the elimination of water is the 
4 - 

union of H and OH, it follows that the hydiogen atoms of 
positions 2, 4, and 6 of the ortho and paia nitio-compounds of 
Holleman aie positive. Consequently, fiom the symmctiy 
standpoint, the hydrogen atoms or substituents of position I, 3, 
and 5 aie negative As a mattei of fact, the oitho and paia 
nitro-compounds, in which X = Cl or Bi, leadily exchange X foi 
hydroxyl on tieatment with aqueous potassium hydroxide , since 
OH IS negative, X is accordingly negative 

Having correlated Holleman’s oitho and paia compounds 
with the electionic formulae, consider, on the othei hand, his 

formula for the meta addition compound Heie, HO unites 

+ 

with the free valences of carbon atoms 2 or 6, while NO^ com- 
bines with those of atoms 3 or 5 Hence, the fiee 01 centnc 
valences of positions 2 and 6 are positive while those of positions 
3 and 5 are negative, and from the electionic symmetiy stand- 
point, the lemaining centnc valences of positions i and 4 must 
be negative and positive, respectively Thus in the meta nitio- 
compound the centric valences of caibon atoms i, 3, and 5 aie 
negative while those of atoms 2, 4, and 6 aie positive Considei- 

mg the polarities of the hydrogen atoms and substituents, NO^ 
replaces the hydrogen atom of position 3 or 5, which is accoid- 
ingly positive From the symmetry standpoint X of position i 
should also be positive As a matter of fact, when X = NOg, 
— 4* “i- 

as in nitrobenzene (C^Hg , NOg), the entrance of a second NOg is 

in position 3 or 5, meta to position i Furthermoie, when 
X = Cl or Br in the meta nitro-compounds, X is not directly 
replaceable by negative hydroxyl and is theiefore positive 
The atoms of positions i, 3, and 5 being positive, those of posi- 
tions 2, 4, and 6 are negative 

From the above it is evident that Holleman^s foimulse and 
mechanism of substitution maybe interpieted in terms of positive 
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and negative valences, and the electronic foimulae thcieby de- 
veloped aie coi related perfectly with the electionic foimulae and 
principles pievioiisly picsented Therefoie, the numeious cases 
of substitution which have been intei preted by Holleman's 
hypothesis aie also interpreted by the electionic foimulse and 
principles which possess the added significance of showing why 
ceitain substituents (which aie negative) lead to the foimation of 
Ol^ho- and paia-denvatives, while otheis (which die positive 
substituents) lead to the foimation of meta-deiivatives 

The remaining featuies of Holleman’s substitution hypothesis 
to be consideied fiom the point of view of positive and negative 
valence i elate to the velocities of the substitution leactions and 
their dependence upon the natuie of the substituents which aie 
present in the nucleus Thus, when a substituent, X, accelerates 
the substitution leaction, substitution follows the oitho-para 
rule which may lead to the exclusion of any meta compound 
If X has no such acceleiatmg effect, smallei or laiger quantities 
of the meta compound will be foimed. These facts make it 
possible to predict the place that a thud substituent C will 
occupy in the nucleus of a di-substituted derivative, CJT^AB 
This place is determined by Holleman by measuiing the speeds 
of substitution of C in C^HgA and m CgHgB, and by asceitam- 
ing the propoitions in which the isomeis of CeH^AC and C^^H^BC 
are formed in each case A compaiative study fiom these points 
of view enables Holleman to deteimine the relative effects of 
diffeient substituents upon the speeds of substitution leactions. 
Thus, one substituent, HO, is found to have a gieatei acceleiatmg 
effect than anothei, NHg (lepresented thus OH>NH2), and a 
compaiison of these lelative effects leads to a senes Foi in- 
stance, the substituents which lead to the foimation of oitho- and 
I para-deiivatives aie arranged thus OH > NH2 > halogens > CHg 
The substituents which lead to the foimation of meta-deiivatives 
lipresent the series CO^H > CHO > SO^H > NO2. 

Apropos of his hypothesis, Holleman has just recently stated 
that the cause for the diffeient accelerating effects of the diffeient 
substituents has not yet been explained. This cause may be 
Intel preted m terms of the electronic conception of positive and 
negative valences, because the types of substitution are directly 
related to the polaiities of the substituents piesent m the nucleus 
and the tendencies of these to function in one way lather than 
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in another way For instance, as shown in Section B of 
Chapter IX, those substituents which lead chiefly to the foima« 
tion of ortho- and para-derivatives aie the substituents which tend 

j- 

to function negatively rather than positively (X>X), while those 
substituents which lead chiefly to the foimation of the meta 
compound are the very substituents which tend to function 

+ — 

positively rather than negatively (X>X) Moreover, a sub- 
stituent which is naturally negative may manifest a gi eater 
tendency to function negatively than another negative substituent, 

thus X > Y , and analogously for positive substituents there 
+ -f 

exists the lelation (X>Y) These lespective tendencies weie 
shown m Chapter XI to be a possible cause foi the piepondei- 
ance of one electromer over another in the electronic tautomei- 
ism of benzene deiivatives This pieponJerance or inci eased 
concentration, in turn, accounted for the lelative yields of the 
several possible isomers Therefore, if the greater concentration 
of one electromei in the equilibrium system is detei mined by 
the tendencies of its substituents to function in one way rathei 
than in another way, and if the speed of a leaction is a factoi 
of the concentrations of the interacting substances, it follows 
that the speed of a substitution reaction is dependent upon the 
polarities of the substituents piesent in the nucleus and then 
respective tendencies to function in ceitain ways From this 
point of view it follows that Holleman^s sei les 
(OH > NH2 > halogens > CH^) 


t 


may be represented thus OH > NH2> halogens >CHj The 

+ + “H "h 

other series is as follows , COgH > CHO > SOgH > NO^ 

If the tendency for a substituent to function in one way 
I rather than in another way be defined as the “jgolar stability of 
j Ae substituent,” it follows that the velocities of substitution re- 
metzons zn the benzene nucleus are functions of the polar stabthties 
fof the substituents in the nucleus. In othei woids, the polar 
stabilities of the substituents determine the concentrations of 
the electromers, which concentrations are the principal factors 
in determining the velocities of the substitution reactions. 

This chapter should be concluded with the following summary 
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The conception of the electionic tautomensm of the derivatives 
of benzene furnishes an explanation of (i) the types of sub- 
stitution and the simultaneous foimation of oitho^, para-, and 
meta-SLibstituted deiivatives, (2) it lendeis possible the pie- 
diction of the lelative yields of the isomeis which aie dependent 
upon the prepondeiance 01 incieased concentiation of one elec- 
tromei over the other , (3) the concenti ations of the electiomeis 
aie pi edetei mined by the polar stalnhties oi the substituents in 
the nucleus , (4) the velocities of substitution leactions are 
functions of the polar stabilities of the substituents Accoidingly 
all facts that aie explained in teims of the velocities of reactions 
may be inteipieted in teims of the polai stabilities of the sub- 
stituents. This phase of substitution in the benzene nucleus 
will be developed fuither in the following chapter 
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THE QUANTITIES OF THE PRODUCTS OF NITRATION OF VARIOUS 
DERIVATIVES OF BENZENE IN RELATION TO THEIR ELEC- 
TRONIC FORMULAE. 

The two most important phases of the pioblem of substitution 
in the benzene nucleus aie (i) the explanation of the types of 
substitution, that is, the conditions which prcdeteimine the 
formation of ortho-, para-, and meta-subslituted deiivatives, and 
(2) the possibility of piedicting within ceitain limits the lelative 
quantities of the resulting substitution products The fiist phase 
of this problem has been explained by the electronic foimula of 
benzene, and the principle that the polaiity of the substituent X 
present in the nucleus, and the polarities of the centric valences 
predeteimine the types of substitution, namely, the foimation of 
ortho- and para-deiivatives, or of meta-dei ivatives. I-ilectronic 
tautomeusm of benzene derivatives accounts foi the simultaneous 
formation of ortho-, para- and meta-denvatives. 

It is the purpose of the present chaptei to suggest a method 
of attacking the second phase of the benzene substitution piob- 
lem relating to the quantities of the substitution products 
obtained A possible solution will bo indicated in a study of 
the quantitative yields of the pioducts of nitiation of various 
derivatives of benzene in conjunction with the electionicfoimulce 
of these derivatives 

In the preceding chapter it was shown that a relationship 
must exist between the concentrations or reactivities, of the 
electromers of a given benzene deiivative m tautomeric equili- 
+ — “ + 

brium (CgHg . X CgHg . X), and the yields of the lespective 
products of nitration of each electromer This follows fiom 
the fact that there is a relationship between the concentration of 
a given electromer and its speed of interaction with nitiic acid, 

+ — 

for if electromer CgHg X preponderates, then the combined 
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+ — 

yields of the oitho- and paia-deiivatives of C^Hs, X will exceed 

_ -j. 

the yield of the meta-denvative of C^Hs. X On the othei hand, 
~}- 

if electiomei CqH^. X piepondeiates, then the yield of the meta- 
deiivative will be greater than the combined yields of the ortho- 
and paia-deiivatives 

It has been assumed that the preponderance or inci eased 
concentiation of one eleclromer ovei the other depends upon, oi 
is a function of, the iendency of the given substituent to function 

“* + -j- — 

in one way lather than in anothei , thus, eithei X>X or X >X 
This tendency has been lefened to, in the pieceding chapter, as 
polar stability of the substituent Accoidingly, the concen- 
trations of the electiomers are predetei mined by the polar sta- 
bilities of the substituents piesent in the benzene nucleus 

It now becomes necessary to develop furthei this conception 
of polai stability and to inquiie how and to what extent it pre- 
detei mines the types of substitution, and, concomitantly, the 
quantitative yields of the substitution products To this end, 
the nitration of toluene, benzyl chloiide, benzal chloride, and 
benzotrichloride, quantitatively investigated by Holleman,®® 
affords significant data which are given m the following table — 



CbIIq X 

Y 

Ortho 

Para. 

(0 -|- ^ ) 

Meta 

I 

C0H5 CH, 

NO2 

588 

368 

95 6 

44 

2 

CjH, . CHXl 

NO3 

409 

54*9 

95 8 

4-2 

3 

CsHj CHClsi 

NOo 

233 

^29 

66 2 

33 8 

4 

CjHj CCI3 

no; 

68 

287 

35 5 

64 s 


The first column embodies the formulae of the mono-substituted 
deiivatives, C0H5 X, which aie nitrated at 01 neai 0° Centigiade, 
under conditions that lead to the substitution of only one nitio 
group, Y, yielding 111 each of the nitiation reactions (Nos i, 2, 3, 
and 4) varying quantities of ortho-, paia- and meta-nitro toluenes, 
CyH^XY. The fifth column gives the combined yields of ortho- 
and para-den vatives, while the sixth column shows the corre- 
sponding yields of meta-nitro toluene. 

From the standpoint of the scheme for the nitration of a 
mono-substituted derivative, CgH^X, yielding simultaneously 
ortho-, para-, and meta-di-substituted derivatives, C^H^XY 
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(see p 78), the above data show that the tendency for the 
substituent X to function negatively is greatei in QHj CH3, and 
in CgHj CHjCl, than it is in either C^Hj . CHCl^ 01 QHj CCJj 
This tendency, or relative polai stability, is lepiesented thus 

CH3 or CH2Cl>CHCl2 > CCI3 Consequently, the combined 
yields of the ortho- and paia-nitiotoluenes, while piactically the 
same in the nitration of CgHg CH3 and CgHg . CH2CI, are found 
to decrease when CgHg CHCI2 and CJig CClg aie nitrated 
In other words, the concentiations of the electioraeisof the type 
+ — 

CgHg Xm the successive nitiations i, 2, 3, and 4 (pieceding 
table) are relatively as follows — 

+ -+ - + - + _ 

CjHj CHj, or CbHo CHaCl > CuHj . CHClj > CgH,, CCI3 

On the othei hand, it may be noted that the tendency foi the 
substituent CCl^ to function positively is gi eater than that of 
eithei CHCI2 01 CH2CI and CHg. These lelative polar stabilities 

aie indicated thus CCI3 > CHCI2 > CHaCl oi CH, Conse- 
quently, the yields of meta-nitro toluene inciease in the successive 
nitrations as noted in the preceding table In equivalent teims, 
the concentrations, or leactivities, of the electiomers of the 
— ^ 

opposite type, CgHj X, in the successive nitrations (i, 2, 3, and 4) 
are related as follows — 

CqH^.CHs or CgHg ChJcI > CHCl, > CJ-Ig. CCl, 

The conception of polar stability as heietofore applied to 
substituents or radicals does not lend itself to mathematical 
definition, but there may be assigned to a given substituent a,* 
Mornmnbez which may be defined as the algebraical sum of the I 
positive and negative valences of that atom of the substituent or 
radical which is united to the benzene nucleus Since a given 
substituent may function either positively or negatively, there 
shall not be included in this polar number the positive or the 
negative valence which unites the radical to the nucleus Accoi d- 
mg to this definition, the polar numbers of the radicals CH^, 
CHgCl, CHCI2, and CCig appear from their electronic formulae— 
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B. H Cl Cl 

|h 1+ U I- 



Cl and Cl- 


-Cl, 


to be, lespectively, - 3, - i, + i, and 4* 3. 
t A lemarkable lelationship is found to exist between these 
»^polar numbeis and the quantitative yields of the oitho-nitio- 
deiivatives In the following table, the first column embodies 
the formulae of the benzene derivatives, CgHgX, subjected to 
nitration The second column gives the polar number of the 
substituent X, and the third column contains the corresponding 
peicentage yields of the ortho-nitro-denvative — 


C,Hfi X 

Polar Number of 

Ortho mtro 

Substituent X 

dernative 

C„Hr, CH, 

- 3 

58‘8 

C,,H. CH„C1 

- I 

409 

CHCI 3 

+ I 

23 3 * 

C„H 5 .CCI, 

+ 3 

6 8 


If, in the system ol lectangular co«oidmates, the polar 
numbers of the substituent (X) are indicated on the X axis and 
the coi responding percentage yields of the ortho-nitro-derivatives 
aie indicated on the Y axis, 

Y 

60 
50 
40 
30 
20 
10 

+5 +4 +3 +2 +1 0 -I -2 -3 -4 -6 -6 -7 



it is quite evident that the quantitative yields of the ortho-nitio- 
substitution products of toluene, benzyl chloride, benzal chloride, 
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and benzotiichlonde are a direct lineai function of the polar 
numbers of the lespective mono-substituents, CHg, CHgCl, 
CHClg, and CCI3 piesent m the nucleus In the same manner 
(rectangular co-oidinates) it follows that the combined yields of 
the ortho- and para-nitrotoluenes on the one hand, 01 the yields 
of the meta-mtrotoluene on the other hand, aie also linear 
functions of the polai numbers of the substituents CH2CI, CHCI2 
and CCI3 

The existence of the foregoing lelationships waiiants a seaich 
for other quantitative lelationships To this end, the only 
quantitative data available aie chiefly those of Holleman and his 
co-workers, who have caiefully determined the yields (in per 
cent.) of the pioducts of nitration of vaiious mono-substituted 
derivatives of benzene. The nitiation reactions wcie conducted 
so as to yield only mono-mtio-deiivatives, oitho-, meta-, and 
pal a- All the available data aie embodied m the following 
table — 


I 

Substituent (X) 
in Nucleus 

II 

Polar 

Number 

III 

Ortho 

IV 

Para 

1 ^ 

i 

VI 

Meta 

CH, 

_ 

3 

56 0 

^09 

96 9 

3 I 

CHXl 

- 

I 

409 

54 9 

958 

42 

F 


0 

12 4 

87*6 

100 0 

0 0 

Cl 


0 

30 I 

69 9 

100 0 

0 0 

Br 


0 

37 6 

62 4 

100 0 

0 0 

I 


0 

41 I 

587 

100 0 

0 0 

CHCL 

+ 

I 

23 3 

42 9 

662 

33 8 

CCI3 


3 

68 

28 7 

35 5 

645 

CO2C9H0 

+ 

3 

283 

3 3 

31 6 

684 

COgCHg 


3 

21 0 

58 

268 

73‘3 

COgH 

+ 

3 

185 

I 2 

197 

80 3 

NO2 

+ 

4 

68 

0 0 

68 

93 2 


Column I embodies the formulae of the substituents (X) of 
the mono-substituted derivatives CgligX The polar numbeis 
of these substituents ate indicated in column IL Columns III , 
IV, and VI embody the percentage yields of the oitho-, paia-, 
and meta-nitro-compounds, respectively, of geneial formula 
CfiH^ .X NO2 In column V the sum of the percentage yields 
of the ortho- and para-isomers is given The data of the table 
have been tabulated in the order of the increasing values of the 
polar numbers of the substituents, 1 e, from n- 3 to + 4 This 
arrangement reveals some striking regularities which may be 
summarized as follows — 
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(1) When the polar number of a given substituent is zero or 
less than zero the combined yields of the oitho- and paia-nitio- 
compounds lange between ninety and one hundred pei cent 
In othei woidSj the oitho-paia type of substitution and per- 
centage yield of pioducts piedommate piactically to the exclusion 
of the meta type of substitution and yield when the polar number 
of the substituent m the nucleus is zeio oi less than zero 

(2) As the polai numbei assumes a positive sign and increases 
in value, the conespondmg ortho-para peicentage yield decreases 
while the meta yield increases Thus when the polar numbei is 
+ 4 the meta type of substitution and yield piedommate almost 
to the exclusion of the oitho-paia type and yield 

(3) Fiom (i) and (2) it appeals that the combined yields of 
the oitho- and para-nitro-substitution pioducts and the yield of 
the meta-nitio-substitution pioduct are pi edetei mined, within 
ceitain limits, by the polai numbei of the substituent X in 
CjjHgX Therefore, if the yields of the ortho- and para-deriva- 
tives aie dependent upon the speed of intei action of the electiomei 

+ — 

of the type CqH^ X and the yield of the meta-derivative depends 
upon the speed of the mtei action of the electromei of the type 

CgHg . X in the tautomeiic system C^Hg X CJTg X, then it 
J follows that the sj^eed of the i 7 iter action of these electro mers with 
^ the substituting reagent is a function of the polar number of the 
substituent X in X, Fuitheimore, if the speeds of re- 

action of the electiomers aie dependent upon their concentration, 
then these concentrations are also a function of the polar number of 
the substituents 

(4) Finally, it should be noted that, m teims of positive and 
negative valences, the polai numbei of a substituent is in leality 
\ an index of the degree or state of oxidation of that atom of the sub- 
\stituent which is directly united to the benaene nucleus This is in 

haimony with the principle that the development of positive 
valences (le,, loss of elections) coiiesponds to oxidation while 
the development of negative valences (le, gain of elections) 

( coiiesponds to reduction In othei words the_ problem of 
benzene substitution appeals to be resolving itself into a study of 
Ihe states of oxidation or^reduction of the atoms of the sub- 
stituents, 1 e , that atom of the substituent which is in direct 
combination with a carbon atom of the benzene nucleus. It is 

9 
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significantly interesting to lecall, indirectly in this connection, 
that the empirical rule of Biowii and Gibson was based upon the 
susceptibility to oxidation of certain compounds. The signifi- 
cance of this featuie was intei preted in the fmther analysis of the 
Brown and Gibson rule (Section B, Chapter IX ). 

The present chapter has indicated the existence of a rela- 
tionship between the polar number of the substituent X in C(,Hr,X, 
and the combined quantitative yields of the oitho- and para- 
mono-nitio-substitution pioducts on the one hand, and the 
quantitative yield of the meta-nitio-derivative on the other 
Theie yet lemams to be developed a relationship between the 
variable quantitative yields of the oitho- and the paia-mono-nitio- 
substitution products, and the lespective eleclionic foimuhx of 
these products Peihaps a solution to this problem may also be 
found in a further development of the conception of the polar 
numbers of the substituents 



CHAPTER XV 


HALOGEN SUBSTITUTION IN THE BENZENE NUCLEUS AND IN 
THE SIDE-CHAIN, 

Substitution m the benzene nucleus has been considered at 
length in the pieceding Chapters IX, to XIV, inclusive, with 
the special piupose of (l) explaining the types of substitution 
and (2) indicating the possibility of piedicting the relative 
amounts (quantitative yields) of the vaiious isomenc pioducts 
obtained m substitution reactions Another interesting pioblem 
IS presented in the action of halogens upon benzene deiivatives 
containing side-chains In such leactions the halogen atoms 
may be substituted either tn the beni^ene nucleits or in the side- 
chains Tempeiature, catalysts, such as halogen-carriers^ and 
the photochemical action of light are the conditions which play 
piominent but perplexing parts in these complex substitution 
reactions 

In view of the many phases of this pioblem, the present 
chapter is limited to a discussion and an interpretation chiefly 
of the action of bromine upon toluene Theie are two very 
evident reasons for this (i) Toluene is the simplest derivative 
of benzene which may be regaided as possessing a side-chain, or, 
peihaps more coriectly, a radical, the hydiogen atoms of which 
are comparable in then chemical behaviour with the hydrogen 
atoms of side-chains containing moie than one carbon atom 
(2) Practically all of the leseaich relating to the problem of 
substitution in the benzene nucleus and in the side-cliam has 
been confined to the action, under various conditions, of chlorine 
and bromine upon toluene 

A comprehensive idea of the nature and extent of the work 
upon this subject has been presented by Bancroft from the 
standpoint of “ halogen-carriers and the electrochemistry of 
light The general conclusions, briefly indicated, are as follows 
Toluene undeigoes substitution either in the nucleus 01 in the 
side-chain accoiding to the conditions. Schramm found that 

131 9 * 
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chloiine or biomine substitutes the hydrogen atoms of the side- 
chain, at 0°, and at highei temperatmes, zn the siinbght In 
diffused daylight and in the daik a mixluie of oitho- and paia-, 
chloro- and biomo-toluene lesults, and a like effect is pioduced 
among the higher homologues Cannizzaio observed that side- 
chain substitution took place in the daik at the boiling-point of 
toluene On the othei hand, nucleus substitution is induced 
by the usual caiiieis, such as feme chloiide, molybdenum, 
and antimony pentachloride, iodine chloiide, pyiidine, and the 
alummium-meicury couple The most lecenl and notewoithy 
contribution is the woik of Cohen, Dawson, Blockey, and 
Woodmansey,®"^ who found that, at the boiling-point of toluene, 
moist chloiine in the dark pioduces nucleai substitution to the 
extent of nearly 90 per cent , whereas in the light, diy chlorine 
incieases side-chain substitution, yielding on the average about 
94 pel cent of benzyl chloiide Furtheimoie, they make this 
statement “ In so far as the lesultant effects aie conceined, the 
action of moisture is opposed to that of light, for this incieases 
the rate of side-chain substitution, and the foimer acceleiates the 
rate of nuclear substitution 

Various explanations have been proposed to account for 
these remaikable phenomena Especially noteworthy aie those 
of Biuner,^® Bancroft,®^ and Holleman The fundamental 
features of these explanations should be noted buefly, since they 
are to be reconsidered from the electronic standpoint of valence 

Bruner maintains that side-chain substitution is due to 
molecular halogen, while nucleus substitution is effected by 
halogen atoms 01 10ns, which lesult fiom the dissociation of the 
halogen molecules The velocity measuiements of Burner and 
Dluska favour this hypothesis, since both side-chain and nucleus 
substitution processes appaiently take place accoiding to the 
requirements of the equation for a unimolecular change, if the 
concentration of the bromine is small Foi highei concentiations 
of bromine the values obtained foi the unimolecular constant 
decrease as the reaction proceeds This is attributed to the 
removal of the active bromine from the solution by the foimation 
of a perbromide (HBrg) 

Bruner’s idea that nucleus substitution is due to ionic bromine 
IS also maintained by Bancroft, who further assumes that nuclear 
substitution occurs when negative bromine 10ns aie piesent m 
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excess of the positive biomine ions This condition is bi ought 
about piesumably by the paitial combination of positive biomine 
10ns with moleculai biomine to form complex positive 10ns, 
thus — 

= Br+ 4 Rr- , Bio + Br+ Br., Br t” 

On the othei hand, Bancioft maintains that side^cham substitu-' 
tion takes place undei conditions which tend to yield a piei^on- 
deiance of positive biomine ions 

Holleman assumes that side-chain substitution is due to 
moleculai biomine, while nucleus substitution is biought about 
by a perbiomide, HBi;^ The foimation of these polyhalogen 
compounds is actually favouied by low temperatuie and increas- 
ing concentiation of solution, and these aie the conditions which 
also favour nucleus substitution. 

Notwithstanding the vaiious explanations that have been pio- 
posed to account foi the remarkable phenomena encoimteied in 
nucleus and in side-chain substitution, Cohen fiankly states/*® 
“ it viui^t be co 7 ?fe^sed that nothing definite ts known about the 
viechanisnt of the process'^ In this connection, it may be of in- 
terest to lecall a statement made by Brown and Gibson when 
they foimulated a lule for detei mining whethei a given benzene 
mono-deiivative will give chiefly a meta-di-deiivative 01 a 
mixtuie of oitho- and paia-di-denvatives They stated that 
their uile is not a law, because ^^it has no visible lelation to any 
mechanism by which substitution is caiiied out in one way, 
lather than m anothei way,’' but, since they found it capable of 
most rigorous application, they concluded that “ it must be 
related in some way to a law, and may be of use m guiding us 
to the cause of the formation of meta-compounds m some cases, 
and of oitho and paia in otheis”. Now the application of the 
elect! onic conception of positive and negative valences to the 
constituent atoms of the benzene molecule and to the pimciples 
of the Brown and Gibson lule, not only lendeied possible an in- 
teipietation of the rule, but also indicated a mechanism according 
to which substitution must take place in one way rather than m 
another way This was a consequence of the evidence, both 
theoietical and expenmental, that in benzene the hydiogen 
atoms in positions i, 3, and S aie negative, while the hydiogen 
atoms in positions 2, 4, and 6 (lelatively speaking) aie positive. 
Accoidingly, when substituents are of the same sign or polarity 
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they occupy positions which aie meta to each othei, but if two 
substituents aie of opposite sign oi polaiity they will occupy 
positions either oitho or para to eaclr othei. The extension 
of these principles, and the electionic conception of valence to 
the phenomena and conditions of nucleus and side-chain substitu- 
tion may afford not only an explanation of the phenomena, but 
also indicate a possible and a ptobable mechanism of the piocess 

A. Nucleus Substitution in Toluene. 

Any interpietation of the action of the halogens upon tolu- 
ene, under the vaiious conditions just noted, must take into 
account the following facts (i) The piesence of watei (moisture), 
(2) low tempeiature, (3) the absence of sunlight (subdued day- 
light or darkness), and (4) the presence of halogen carriers, all 
favour nucleus substitution with the consequent formation of 
0- and /i-chloro- or bromotoluenes. On the other hand, the 
elimination of water, higher temperatures, and sunlight aie the 
conditions which favour side-chain substitution. 

Omitting, tempoiarily, the discussion of the action of halogen 
carrieis, it is quite impoitant to note that the conditions (i), (2), 
and (3) which favour substitution in the nucleus aie the veiy 
conditions which promote the formation, and conseive the sta- 
bility of, hypochlorous and hypobromous acids (HOX) in which 
the halogen (X) functions positively. On the other hand, the 
conditions which favour side-chain substitution, namely, heat, light, 
and the absence of water, are those which lender hypochloious 
and hypobromous acids unstable and promote then action as 
oxidizing agents These facts are now to be interpieted as 
wai ranting the assumption that substitution in the nucleus in 
the piesence of water (even in minutest tiaces) is favoured by 
the intei mediate formation of hypochlorous or hypobromous 
acids which on interaction with toluene effect nucleus substitution 
of positive halogen 

It should be recalled, in this connection, that substituted 
halogen may function sometimes positively, sometimes nega- 
tively, For instance, in (?- and /-chloio- or bromonitrobenzene 
the halogen atoms are negative, since they are exchanged for 
negative hydroxyl in double decomposition reactions with aque- 

+ — 

ous potassium hydroxide (K, OH) On the othei hand, the 
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halogen atoms m the ;;^-nitio-compounds are regarded as 
positive foi the following leasons Fust, the halogen atom is 
not exchangeable foi negative hydroxyl Second, it is in the 
meta position to the positive nitio-radical, and, accoiding to 
the electiomc foimula of benzene, those substituents which are 
meta to each othei aie of the same sign or polarity. Thud, the 
substitution of halogen m the nucleus is facilitated if the reagents 
aie not anhydious This indicates the possibility of the inter- 
mediate foimation of the hydroxy-halogen acid (HO X) in 
which the halogen (X) is positive Accordingly, the electiomc 
equations for the foimation of ;;2-chloro- and ^/^-bromonitiobenzene 
aie lepiesented as follows — 


H 


+ /\ + 


Hi 


H 


H + 


H 


+ 

HO NO, 


+ /\ H 

tt/ 


Hi 


NO, 


H\/H 

H-i- 
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NO, 


HO X 


+ /\ + 
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H 


NO, 


H + 


x+ 


The substitution of positive halogen in toluene proceeds in 
the same way, but here the halogen assumes the ortho or the 
paia position with respect to the negative methyl radical as 
follows — 


CHg 

+ /\ + 

rTf Xtt 


H' 


iH 


«\/ 

H + 


— + 
HO,X 
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CHj, 


H 


iX 


H’\yH 
H + 


CH3 

a /\ + 
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Hi 


H 


H\/ 

X + 


H 


4, 

H 


OH 


Fulther evidence of the positive chaiacter of the nucleus 
substituted halogen of toluene is shown by an application of the 
electiomc conception of valence to the Brown and Gibson rule 
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fiom which standpoint toluene is a deiivative of H CHjj and 
— 

not HO CH^ Hence substituents oitho 01 paia to the negative 
methyl radical must be positive Moi cover, the substituted 
halogen, atoms aie not diiectly exchangeable foi negative hy- 
droxyl and hence aie regaided as positive 

The above conclusions aie duectly opposed to the <issumption 
of Bancioft that nucleus substitution is due to negative halogen 
The work of Cohen, showing that moistuie inci eases both the 
rate and extent of nucleus substitution, also contiadicts Bancioft s 
assumption, if we admit the mtei action of the intci mediately 

pioduced hydioxy-halogen acid (HO X) upon toluene accoiding 
to the above electionic formulae and equations 


B. The Action of Halogen Carriers, 

Since water inci eases both the late and extent of nucleus 
substitution, IS it not leasonable to legaid watei as a halogen 
cariiei ^ This point of view may thiow some light upon the 
action of halogen earners in geneial in effecting nucleus sub- 
stitution Foi instance, pyridine and iodine chloiicle may be 
compaied to watei in that each contains an unsatuiated atom 
which rendeis possible the formation of addition compounds as 
follows — 


X 


+ - 


C,HoN H X X -> CJ-IbN 


X 

X 


— + ! 4- — — 4^ 

Cl: 1 + X Cl 1 


Eithei of these halogen addition-compounds may dissociate in 
two ways Consider the pyridine compound • — • 
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”1 — ^ 

(1) CbH,,NXX -> C,H,NX 1 X 

+ “ — 

(2) CoH,NXX C.HoNX h- X 

The pieviously piesented evidence favouis dissociation accoidmg 
to equation (i) since it would account foi the nucleus substi- 
tution of positive halogen Furthei evidence is affoided fiom 
the standpoint of a compaiison of the lelative stability of the 
nitiogen halogen linkings m the halogen addition compounds 

- 4 

The pyiidinc halogen compound shows the linkings (N^ X) 

4 

and (N X) The formei linking is piesumably the least 

stable and theiefoie moie likely to undeigo dissociation, yielding 
positive halogen This assumption is waiianted by the extreme 
instability of compounds embodying this linking Foi example, 
W A Noyes first showed that the halogen atoms in nitrogen 
tiichloride weie positive and bound to negative nitiogen valences 
This compound is extiemely unstable The substituted nitrogen 

— -j, 

halides also embody the linkings (N X) and aie likewise 

veiy unstable, exchanging the positive halogen atom foi positive 
hydiogen of the nucleus thereby developing a more stable linking 

(N— — H) thus — 


hn X 

4- /\ 4 

i-r 

HN H 

4-/\ 4- 

tr ^x 

HN ] 

4‘/'\4- 
H ^H 

— > 

or 



h\/5 


H i- 

H + 

X + 


On the othei hand, the compounds nitiosyl chloiide and biomide 

— 4r + 4 — 

of the foimula O--— -N — ' — ^X embody the linking (N X) 

- I 

and aie very stable in comparison with the previously noted 

— 

compounds containing the (N — — X) linking 

X 


- 4- I 4- 

Consideilng the othei typical halogen earner, Cl 1 , it 


4- 

X 
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appeals that the linking (I X) is moie stable than (I X) 

This IS substantiated by the fact that iodine an iodine chloiide 
and in iodine biomide is positive as evidenced by its interaction 
with potassium hydroxide, yielding potassium hypoiodite in 
which the iodine is positive — 

+ — +— — + > 1 -— — 

I X f 2 K 0 H K 0 1 H- K X I 11 O H 

Accoidingly, the halogen addition compound would maintain 

+ — 

the more stable linking, I X, and yield the positive halogen 

ion as follows — 


X 


- + 1 + 
Cl 1 


X 


X 


Cl- 


+ + 
+ X 


From the above points of view the following mechanism, 01 
cycle of changes, will illustiate the pait played by the halogen 
earner in effecting the nucleus substitution of positive halogen 
in toluene R represents any halogen caiiiei such as watei, 
pyridine, iodine chloride, phosphoius-, antimony^, and molyb- 
denum-tnhahdes, or any other compound containing an atom 
which in uniting with chlorine or biomme, X^, increases its valence 
from (n) to (n + 2) as follows — 


R 4 . X X 
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It should be observed that the halogen acid eliminated 

4* — 

dining the couise of the substitution is of the type H X, and 

— + 

not H X, the lattei electiomei nevei having been identified. 

If neither oxidation nor i eduction has occuned duimg nucleus 

4 “■ 

substitution then the elimination of H X is conclusive 

evidence that the substituted halogen atom is positive, the 
leaction having pioceeded as indicated above Halogen caiiieis 
of othei types may function similarly, i e , substitute positive 

halogen and eliminate H X 

Any halide functioning as a halogen caiiiei may confoim to 
the above scheme since its halogen atom may be unsatuiated 
and hence combine with other halogen atoms just as the iodine 
atom 111 iodine chloride lends itself to the formation of iodine 
trichloride 


C. Side-Chain Substitution. 

In what respects does side-cham substitution differ from 
nucleus substitution? It has just been shown that nucleus sub- 
stitution of toluene yields oitho- and paia-halogen substituted 
toluenes m which the halogen is positive, but when side-chain 
substitution takes place experimental evidence shows that the 
substituted halogen atoms aie negative This evidence is as 
follows — 

Benzyl chloride, benzal chloride, and benzotnchloride (or 
bromides) aie leadily hydiolyzed by watei oi by potassium 
hydi oxide, yielding, respectively, benzyl alcohol, benzaldehyde, 
and benzoic acids. In each of these hydrolyses, chloiine (oi 
bromine) is replaced by negative hydioxyl, which signifies that 
the substituted halogen atoms of the side-chain aie negative. 
The reaction for the hydrolysis of benzyl chloride, oi bromide, 
is typical and may be lepiesented by the following equation — 


H 

+1 


H 

4| 


C«H, 


*|i"” 4,-^+ 

c X 4 H 0 H CoHb C 0- 


4 -f. — 

4 H X 




+1 

H 
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This reaction may be reveised by the action of hydiogcn halide 
+ - 

(H X) which conveits benzyl alcohol into benzyl halide 

This also establishes the fact that halogen atoms substituted in 
the side-chain are negative An inteipietation of these facts 
must con elate the electronic conception of positive and negative 
valences with the conditions under which side-chain substitution 
takes place 

The most significant featuie to be noted is that in nucleus 
substitution the positive hydiogen atoms of toluene aie leplaced 
by positive halogen atoms, which change involves neithei oxi- 
dation noi 1 eduction But in side-chain substitution, positive 
hydrogen atoms are leplaced by halogen atoms which function 
negatively In othei words, side-chain substitution involves 
oxidation and leduction since the carbon-hydiogen linking 

(C H) is changed to a carbon-halogen linking (C X) 

The negative valence of caibon is oxidized to a positive valence 
and this change could not occur unless the substituting agent is 
reduced 

The side-chain substitution leaction, geneially lepiesented 
by the equation — 

H H 

CH + X2 CJ-Ig CX -! H X, 

H H 

Will now be analysed so as to indicate cleaily the oxidation- 
reduction phases of the change (i) The substituting leagent, 
molecular halogen, dissociates yielding positive and negative 
+ — 

halogen atoms, Xg X *f X. (2) The negative* halogen atom 
unites with a positive hydiogen atom of the side-chain — 

H ^ H + - 

C H + X C(-) + H X 

H H 

(3) The positive halogen atom, tmder the conditions which effect 
side^chain substitution^ tends to become negative and theieby is 
reduced In other words, it acts as an oxidizing agent accoiding 
to either of the equivalent schemes, {a) or {p) • — 

(a) X ^ X + 2 0 

(h) X -f 2 © X 
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(4) This conveision of X to X is accompanied by an oxidation 
of the negative valence of the caibon atom of the side chain to a 
positive valence — 

H H 

C(-) + 2© ^ C{ + ) 

H H 

(5) The lesultant positive valence of the caibon atom then 

“ binds ” the negative halogen atom, X • — - 

H - n+ - 

Cfilln C(-l-) -H X OqU, C X 

H H 

The pieceding analysis of side-chain substitution may be 
summarized biiefly as an intiamoleculai oxidation-i eduction 

piocess — 



H- + 

_ 



II + 

( 1 ) C,H. 

C H + 

X X 

-> 

C„II» 

c ; 

H 




H 


H- h 


H+ . 

_ 


(3) 

C X 


C 

-X 


H 


H 




Equation (i) shows the substitution of a positive halogen atom 
in the side chain foiming an electromer containing the caibon- 
— + 

halogen linking (C X), but under the conditions which effect 

+ 

stde-chatn substitution^ the electiomer C^Hq C X is tians- 

H 

foimed by intramoleculai oxidation-i eduction to the electromei 
H+ ^ 

C X which embodies the caibon-halogen linking 

H 

H- - 

(C X) Thus it IS evident that both of the pioposed inter- 

pretations are in the end electionically identical The remaining 
hydrogen atoms of the side-chain undeigo substitution in the 
same mannei 

Having indicated an oxidation-i eduction mechanism which 
accounts for the substitution of negative halogen in the side- 
chain, it IS now desirable to account foi the fact that nucleus 
substitution does not involve oxidation while side-chain substitution 
does 
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It has been observed that the conditions Avhich promote 
nucleus substitution (omitting halogen caineis which have been 
consideied) are low tempeiature and the absence of sunlight 
These are the conditions which piomote the foimation and 
conserve the stability of hypochlorous and hypobromous acids, 
that is, pi event their decomposition as oxidizing agents On 
the other hand, the chief conditions promoting side-chain sub- 
stitution (heat and sunlight) aie the veiy factois which lendei 
these hydioxy-halogen acids unstable and piomote then action 
as oxidizing agents Let us now i aquae into the most signifi- 
cant feature of these changes If hypochloious oi hypobromous 
acids aie heated or exposed to the action of sunlight, oxygen 
is evolved and hydrogen chloride oi biomide is foimed 
(2HOX 2HX 4- Og) The halogen in HOX is positive , m 
HX it IS negative Hence it follows that heat, and especially 
the photocheimcal action of lights effect the conversion of positive 

halogen to negative halogen^ thus^ X X + 20 This is the 
oxidation process upon which the elimination of oxygen fiom 
HOX depends. Now the substitution of halogen in the side- 
chain, as described above, is also an oxidation piocess, since it 

+ “• 

likewise involves the essential change, X X 4- 20, induced 
either by heat or by photochemical action. Thus the conditions 
which favour and promote side-chain substitution are con elated 
with the fact that positive hydrogen atoms of the side-chain are 
eventually substituted by negative halogen atoms, which change 
involves the reduction of positive halogen to negative halogen, 
and the concomitant oxidation of negative valences of the caibon 
atom of the side-chain to positive valences. These bind the 
negative halogen atoms 

In this connection it may be of interest to note and to corre- 
late another of^many reactions m which light changes negative 
valences of carbon to positive valences Euler and Ryd have 
shown that lactic acid under the influence of ultraviolet rays 
evolves carbon dioxide. The electronic interpretation depends 
upon the fact that lactic acid readily yields aldehyde and formic 
acid as follows — 
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~ - 1 - 

O H 



+ - 
■C 




-H 


0 - 


— H ^ CHo C 

+11+ 


+ 

H hll — 


- -I- 

-C. — 


- + 


•0 H 


+ 1 -II- -II- -y- 

HO 0 0 


Now in 01 del that foimic acid, in which thiee of the carbon 
valences aie positive, and one is negative, may yield carbon 
dioxide, in which the four valences of caibon aie positive, the 
one negative valence of carbon in formic acid must be oxidized 
to a positive valence This change takes place when foimic 
acid IS catalytically or photochemically decomposed, yielding 
carbon dioxide and hydrogen according to the following elec- 
tronic equation — 


H- 


-H 


H C 0* 


1 

+ 

0 

0 

- + 

\- - 

0 

t 

:C 0 + H- 


-H. 


+ + — 


+ 

—H 


Here also the photochemical change is an intramolecular oxida- 

+ 

tion-reduction leaction, the electiomer H COjH is trans- 

"*• + 

foimed to the electromer H COgH. Then decomposition 

into carbon dioxide and hydrogen is possible and takes place 
In this chapter some fundamental distinctions between nucleus 
and side-chain substitution have been developed and interpieted 
m teims of positive and negative valences. A common occur- 
rence, however, should not be overlooked, namely, that in most 
substitution reactions it is piactically impossible so to limit and 
regulate the conditions that the sole reaction taking place will be 
either nucleus substitution or side-chain substitution. In other 
words, the formation of oitho- and para-halogen substituted 
toluenes, in which the halogen atoms are positive, and the in- 
troduction of negative halogen into the side-chain, may proceed 
as simultaneous independent chemical changes. As previously 
noted the former process does not involve oxidation and reduc- 
tion while the lattei does. These facts aie readily correlated 
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With anothei general property chaiacteiislic of benzene on the 
one hand, and chaiacteiistic of aliphatic hycliocaibons (compau 
able to side-chams) on the othei hand. Beu'^efie resists oxidation^ 
while the aliphatic hydiocarbom and the side-chains are generally 
more susceptible to oxidation 

Finally, it is not impossible to conceive that, undei certain 
conditions, which aie not as yet determined and interpieted, a 
positive hydiogen atom of the benzene nucleus may be leplaced 
by a negative halogen atom (oi vice versa), which is chaiacteiistic 
of side-chain substitution, involving oxidation and reduction 
Such a condition, howevei,does not invalidate the inteipietations 
piesented in this papei, which aie con elated with the expeu- 
mental facts, the conditions of substitution, and the chemical 
piopeities of oitho- and paia-halogen substituted toluenes, and 
the side-chain substitution products 

In concluding this chaptei, the relations between the elec- 
tronic inteipietations and the substitution hypotheses of Biuner, 
Bancioft, and Holleman should be leconsideied biiefly 

Bruner’s idea that nucleus substitution is due to halogen 
atoms, while side-chain substitution is due to molecules, thus, 

CcHgCHg + aBr ^ H- HBr, 

CgHgCH^ + Brg -> q,H5CHjBi |~ HBi, 

fails to take into account the fact that nucleus substitution 
(formei equation) does not involve oxidation and i eduction, 
while side-chain substitution (latter equation) does 

Bancroft’s assumption that nucleus substitution is due to 
negative halogen atoms is not in agieement with the evidence, 
both theoretical and experimental, that the oitho- and para- 
substituted halogen atoms of toluene aie positive His other 
assumption that the halogen substituted in the side-chain is 
positive is also contradicted by the fact that the halogen atoms 
in benzyl chloride, benzal chloiide, and benzotiichloiide (or 
bromides) are negative, since they are readily exchanged (without 
oxidation or reduction) for negative hydroxyl It is true, how- 
ever, that positive halogen atoms are the active substituting 
agents in side-chain substitution, but only by virtue of their 
oxidizing action and consequent reduction to negative halogen 
(photochemical action) as previously described 

Finally, Holleman has stated « II est d^moutri§, que I’hypo- 
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th^se, siuvant laquelle le noyau est attaqu^ pai dcs molecules 
tandis que la cliatne lat6iale Test pai Ics molecules de 
biome, a quelque viaisemblance , cependant un nombie de 
difficult6s doivent eacoie etie levies, avant qu elle puisse seivii 
^ expliquer les ph6nomenes obseiv6s'^ The veiy plausible In- 
tel pi elation of the nucleus biomination of toluene thiough the 
action of the intermediately foimed HBi„, may be leadily coi re- 
lated with the intei pi elation of nucleus substitution, and the 
action of halogen caiiieis as presented m this chaptei, provided 


Br 


HBi^j, be legal ded as H— 


1 + 


But Holleman s idea of side- 


H- 

Bi 


chain substitution is subject to the ciiticism that it also fails 
to lecognize the side-chain substitution piocess as an oxida- 
tion and 1 eduction phenomenon depending upon the leaction, 
+ — 

X X + 20, previously considered 


TO 



CHAPTER XVI 


FREE RADICALS’’ THEIR EXISTENCE AND PROPERTIES 

Radicals are conceived to be groups of atoms which function 
as single atoms in chemical leactions and, accoidmgly, pieserve 
then composition oi constitution thioughoul chemical changes 
The histoiy of Chemistiy affoids many instances of attempts to 
isolate radicals, i e , to piepaie ‘‘fiee ladicals” As early as 
1834 Liebig^® suggested the possibility of isolating, and seriously 
attempted to piepaie, fiee ladicals In 1839 Lo wig'’’' claimed 
to have effected the separation of the radical ethyl, C2H5 An 
histoiical review of these vaiious attempts, chiefly failuies, would 
constitute an interesting chaptei, the culmination of which, 
however, is found in the lecent woik of Gombeig,®® who, un- 
doubtedly, Has isolated free radicals, notably in the foim of the 
ti larylmethyls 

The tnarylmethyls aie regarded by many to be compounds 
of tervalent carbon SchlenclPs discoveiies,^^ by means of mole- 
cular weight determinations, that some of the tnarylmethyls aie 
laigely mono-moleculai (for instance, tn-^^-phenylmethyl was 
found to be entirely mono -molecular) leads, as Gombeig has 
emphasized, to but one inference, namely, that these compounds 
exist as free radicals, 1 e , they are compounds of the tervalent 
carbon atom of the general foimula (R)g = C 

The present chapter offeis an interpretation of the existence 
and properties of free radicals in teims of the electronic con- 
ception of positive and negative valences which leveals the 
existence of many significant relationships that aie appaient 
in electionic formulse but that cannot be found in oidinary 
structural formulae. The piinciples developed in Chapter IV, 
Electronic Amphotensm, and especially those of Chaptei V , The 
Nascent State, are both essential and fundamental to an ap- 
preciation of the interpretations piesented in this chapter 

Particular attention should be redirected to the fact that all 
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the chemical actions classed as “nascent’’ aie of a leduction 
oi an oxidation type, and that the so-called nascent state ” is 
conceived to be an unstable midition of a suhsicmce which vtani- 
fcsfs (under ceitani conditwni) an adaptibihiy and a tendency to 
lose electfon^^ or gam elections^ and thereby revert to a more stable 
condition If the substance (ton, atom, or molecule) loses negative 
elections, it acts as a reducing agent If it combines iinth negative 
electrons, it acts as an oxidimng agent 

Fiom the point of view embodied in the above definition, the 
present chaptei will eiideavoui to show that free radicals such 
as the trial yl methyls, aie compaiable in many lespects with the 
electncally neuttal atomic state, and that then instability, oi re- 
activity, and gcneial chemical piopeities may be interpieted 
by then development of positive oi of negative valences thiough 
the loss 01 gain, i espectively, of negative electrons In othei 
woids, the tiiaiylmethyls may act eithei as reducing oi as 
oxidizing agents Furtheimoie, in explaining some of the 
reanangement leactions peculiai to ti iphenylmethyl, the elec- 
tionic foimula of benzene will be shown to play a significant 
pait 

Consider, first, the leaction for the piepaiation of tnphcnyl- 
methyl Gombeig^^® submitted tnphenylchloiomethane to the 
action of metals, notably silvei, with the full expectation that 
the reaction would proceed noimally and give lise to hexaphenyl- 
ethane • — 


(C,H,)3CCI Ag (C«H«)X 

f* — > sAgCl + 

(C,H«hCCl Ag 

He obtained “a hydrocaibon possessing the requisite composition 
(C = 93 8 per cent, H == 6 2 pei cent) But the unusual 
instability of this substance, its pi oneness to entei into the most 
vaiied chemical leactions, and above all, its striking unsatuiated 
charactei, piecluded the natuial inference that the hydiocaibon 
at hand was actually hexaphenylethane The opinion was ex- 
piessed that hcie was an instance of a compound with one atom 
of caiboii in the tri valent state, i e,, (CgIi|})3C, tnphenylmethyl, 
a fiee ladical ” Now it may be shown that the electronic inter- 
pretation of the action of silver upon tnphenykhloromethane also 
substantiates the assumption of the existence of the free ladtcal 
as a compound of tervalent carbon. 


10 
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Triphenylchloromethane presumably possesses the abbievi- 

4 - — 

ated electronic foimula^ Cl. Its aqueous solution 

is a conductoi of the electuc curient depending upon ionic 
dissociation — 


(C,H,),C— Cl (C^H^hC + Cl 
Furthermoie, its hydrolysis confoims to the equation 

+ *“ 4. — ^ _ 

Cl h K OH (CcHgjgC OH + K Cl. 

Metallic silvei (with zero valence) in older to combine with 
negative chloime, must itself develop a positive valence, le, it 
must become positively univalent thiough the loss of an election 
+ 

Ag “> © + Ag Accoidingly, the electionic scheme for the 
action of silver upon tiiphenylmethylchloride is lepiesented as 
follows — ■ 


(c^n,),c~c\ ^ + Cl 

_ + 

Ag Q + Ag 

Ag Cl 

It should be observed that the methyl carbon atom m the 
triphenylmethyl ion is quadrivalent, but the free positive valence 
of this ion IS obliterated by the acquisition of the negative 
electron from the metallic silver In othei words, silver has 
reduced the quadrivalent methyl carbon atom to the tervalent 
state, yielding triphenylmethyl 

The possible leaction of two electrically neutral molecules 
of triphenylmethyl to form hexaphenylethane is exactly parallel 
to the reaction of two electrically neulial hydiogen atoms to 
form molecular hydrogen The reaction depends upon one of 
the atoms, or free radicals, losing an electron which is acquiied 
by the other atom, or free radical, respectively. Combination 
of the resulting oppositely charged atoms or radicals occurs 
simultaneously as indicated in the following scheme • — 

iSee the equally applicable " qumocarbomum formula” 111 a latei section of 
this chapter, p i6i 
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H — > 4 H 

M h 0 H 

(C,H„),C -J 0 + (CJ-JjjjC 

+ 0 -> (CjHjjiC, 



4. — 

H H = H, 




The following piopeities of tuphenylmethyl will be con^ 
sideied. (A) oxidation, (B) addition of iodine, (C) addition of 
hydiogen, (D) leaction with nitrogen dioxide (or tetroxide) , 
(E) addition of xylene, (F) action of acids, (G) action of light, 
(H) elect! ical conductivity of triphenylm ethyl when dissolved 
111 liquid sulphui dioxide, based upon the analogous conductivity 
of sodium dissolved in liquid ammonia 

Gomberg has frequently called attention to the fact that 
tri phenyl methyl behaves in some reactions as if it were an 
element of basic natuie This is particulaily so m its reactions 
with oxygen and with iodine This behaviour, fiom the elec- 
tionic standpoint, may be attributed to the tendency of the 
tervalent caibon atom to become quadrivalent, 1 e , to develop a 
positive valence thiough the loss of an election in just the same 
way that metallic silvei or sodium develops a positive valence — 


+ 

Na — > Na 4 0 
iVh),C ^ (C„H,),C 4 0. 

The striking similarity of triphenylmethyl to sodium is 
shown in the leactions of each with (A) oxygen, and (B) iodine 


A. Oxidation 

On exposure of a concentiated solution of triphenylmethyl 
in benzene (10 pei cent.) to an, a colouiless fairly stable per- 
oxide, {(QH„)3C}A. IS formed Sodium and oxygen combine 
at tempeiatuies below iSo*" yielding a mixtiue of sodium oxide 
and pel oxide As the tempeiatuie is laised the quantity of 
pel oxide increases. At 300° sodium peroxide is the principal 
product Now metallic sodium possesses neithei positive nor 
negative valences, but in its oxide and peroxide sodium is pre- 
sumably positively univalent, since these oxides on hydiolysis 
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+ — 

yield sodium hydioxide^ Na OH Accordingly, the complete 
electionic scheme foi the foimation of sodium peioxide may be 
lepiesented as follows — 


2Na + 

o=-=o 

- + 

H- X- H- — 

2Na H- / 2 ft + 0 O 

-I +1 


NanOo 


+ - 

0 0 


1 + +1 
Na Na 


The paienthetical part of the scheme involves the reduction of a 
positive valence of oxygen to a negative valence by the action 
of the electrons fiom sodium The sodium atoms, thus becoming 
positive, unite with the negative valences of the oxygen atoms 
In a perfectly analogous manner triphenylmethyl unites with 
oxygen, thus — 


2(C,H,),C 

V 


2(C,H,)3C + 



{C,H,)3C 0 

(C,Hg),C O 


(C.U^hO 0 

(C«H«),C— 0 


B. Addition of Iodine. 

The combination of either sodium or triphenylmethyl with 
iodine IS also an oxidation-reduction leaction Gomberg^®^ has 
shown that triphenylmethyl may be titrated with a standaid 
solution of iodine Triphenylmethyliodide is foimed The 
iodine in this compound is negative since it is replaced by 
negative hydroxyl on hydrolysis The iodine atom in sodium 
iodide IS also negative since the aqueous solutions yield the ions 
+ — 

Na and I Accordingly, the electronic schemes for the com- 
binations of sodium and of triphenylmethyl with iodine (i e , then 
oxidation by means of iodine) are represented as follows 
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sNa I„ — > sNal 

I 

+ - 
I — I 

I 

^ _l_ _ 

2Na H (-i © + I h I) 2 Na 1 

In the paienthetical paitof the scheme the elections fiom sodium 
+ “ 

1 educe I to I In the following scheme the elections fiom tii- 
phenylmethyl accomplish a like change — 

2{C,H„),C + I, -> a(C,H,),CI 

+ — 

I 1 

-j- _j^ _ 

2(CV-I,),C + (2 0 H I -1- I) 2(CJ-I,),C 1 

C. Addition of Hydrogen. 

In the piecedmg leactions (i) and (2), the tervalent methyl 
caibon atom of tiiplienylmethyl functioned as a leducmg agent 
by losing an election, and thereby becoming quadrivalent through 
the development of a positive valence On the othei hand, when 
liiphenylmethyl combines with hydiogen, the methyl caibon 
atom becomes quadrivalent through the acquisition of an election, 

1 e , the development of a negative valence In this lespecl, tri- 
phenylmethyl may be said to lesemble ceitain non-metals 

Pieviously it has been noted that only negative hydiogen (H) 

or neutral hydrogen (H) acts as a 1 educing agent H H 4 - 0 , 

H -> H + 0 Positive hydrogen does not act as a 1 educing 
agent because the fuithei loss of an electron would lender 

4 * + + 

hydrogen bivalent, an unknown condition H H + © Hence, 
the interaction of the elect ically iieutial triphenylmethyl and 
neutial atomic hydiogen is peifectly analogous to the union of 
chlorine and hydiogen atoms — 

H I Cl -> HCl 

4 - _ + 

la -J, -1- Cl "*>• 

Atomic hydrogen reduces atomic chlorine to negative chloiine, 
01, in equivalent terms, atomic chlorine oxidizes atomic hydiogen 
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to positive hydrogen In the following scheme, atomic hydrogen 
reduces the tervalent methyl caibon atom, which, acquiring a 
negative valence, becomes quadiivalent in triphenylmethane — 

H + (C,Hd,c -> HC(C„H,), 

I 

H + © + (C,H,),C H^C (C«H,), 


D. Reaction with Nitrogen Dioxide (or Tetroxide). 

Schlenck and Man found that nitiogen dioxide on intei- 
action with tiiphenylmethyl yielded simultaneously two products 
as indicated in the equation — • 

2(CgH(),C + 2N0j(orN30,) (CoHdiC NO^ + (C„Ho),C ONO 

(tnpheiiyl- (tnphenyl- 

nitiomethane) methylnitrite). 


In the electronic interpretation of this inteiesting reaction, 
the foimei compound must be regarded as a derivative of nitric 
— + 

acid, HO NO2, the latter, a derivative of nitious acid, 

+ >1- ^ 

H NO2, or H O NO The key to the interpretation 

IS found in the fact that nitrogen teti oxide is hydiolyzed by 
water yielding nitiic and nitious acids The following scheme 
takes into account the tautomeiic fonnulae of NgO^, to which 
correspond the tautomeiic foims of nitious acid — 

00 o 



+1 

N,0, 

- -h 

« 0 r 


- + 

H^O 

+ — 
H < 


+ - 


- + 


+ -h 


•- 0 -- 


4 " + — 

— N =0 


+ — — -f- 

H O H 


1 


HO NOj + H NO 2 HO NOj + H O NO 


Each of the five valences of the nitiogen atom m nitric acid 
is positive, but m nitrous acid four are positive, and one is 
negative. Hence, in the tautomei H — ^ 0 — N = O, nitrogen is 
tervalent since one positive and one negative valence are polarized 
Note also that one nitro-iadical functions positively, while the 
other (eithei NOg or ONO) functions jiegatively Therefore, 
when one molecule of triphenylmethyl loses an electron and 
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tunctions positively, anotliei molecule of tnphenylmethylacquiies 
that election and functions negatively Consequent union of 
negative tiiphenylmethyl with the positive nitro-iadical yields 
tiiphenylnitiomethane, while union of positive Iriphenylmethyl 
with the negative nitio-iadical yields tiiphenylmethylnitnte 
These changes aie indicated as follows — 

3(CcH,),C ^ {C,H,)3C + (C,H,)3C 

N2O4 = 2NO2 ^ NO„ + NO2 or ONO 

{C,U,) 0 - NO2 or (C«H,),C-i~^ONO 

It should also be noted that, depending upon conditions, the 
dissociation of nitrogen teti oxide may proceed either lonically 
01 moleculaily In aqueous solution, the dissociation is pie- 

sumably ionic, NgO^ = (NOg) (NOg) NOg + NO2, since 

hydiolysis yields nitiic and nitious acids as indicated above 
But when nitiogen tetioxide is heated to 140°, its density corie- 
sponds to the dioxide formula Is it not possible that NOg, 
m which nitrogen is qiiadnvalenty exists as a fiee radical just as 
(CJ-*Ift)jC is a fiee ladical in which carbon is tervalent'^ Oi, is 
not the dissociation of associated triphenylmethyl (hexaphenyl- 
ethane) exactly paiallel to the dissociation of associated nitrogen 
dioxide (nitrogen tetroxide)? This is quite evident from the 
following equilibria — 

C(C,Hb) 3 = (C«H,)3ci^C(C„H,)3 (CeH,)3C + 

N3O, = (NO;,)— (NOa) NOg + NCa 

In each of the above nomionic dissociations, the positive 
ladical becomes neutral, or is reduced to a free radical, through 
the acquisition of an electron fiom the negative radical which is 
thereby also xendeied neutral, 1 e , it is oxidized to a free radical 

These points of view may be summarized as follows In 

-j- _ -j- — 

ionic dissociation (A B ^ A + B) the atoms 01 radicals 

maintain then lespective chaiges In molecular dissociation 

4' “ 

(A B A + B) the atoms or ladicals become electrically 

neutral thiough the tiansfeience of electrons from the negative 
ladical to the positive ladical Thus, free ladicals are formed, 
and their activity is a factor of their further tendency either to 
gam 01 lose elections. In electionic tautomerism — 
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+ — — -I- 

(A B A + B ^ A B) 

a fulther transference of elections leveises the polarity of the 
constituent atoms or radicals, and in this change the inte) mediate, 
electrically neutral atoms or molecules (A and B) are essentially 
fretiadicals These points of view serve to emphasme the defini- 
tion of a free radical as an eleciiically neutial atom or molecule 
which IS capable of developing either positive or negative valences 
depending upon certain conditions which effect the loss oi gam of 
electrons 

In the following interpietations of (E) the addition of xylene, 
(F) the action of acids, and (G) the action of light, the electronic 
formula of benzene plays an essential pait 


E. Addition of Xylene. 

Wieland and Muller found that the heating togethei of 
tnphenylmethyl and xylene yielded dimethyltetiaphenyl methane 


2(C,H,)3C + = (C,H,),C (CH,)^ H (C.HcIjCH 

They intei preted the leaction as proceeding m two stages fiist, 
the union of two molecules of tnphenylmethyl with one molecule 
of xylene , second, the elimination of one molecule of triphenyl- 
methyl with a hydiogen atom of the benzene nucleus These 
reactions aie indicated in the following scheme which eniploys 
centric formulae — 



H- 


\l 


-H H. 


/ 




CH« 


CH{ 

A. 


H-/ '>-C(CeH„,, 






CH, 


+ (C,H«hCH. 


-H 


CH- 
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Eveiy detail of this scheme may be con elated perfectly with 
the electronic foimula of benzene, and with the previously de- 
scubed mechanism of substitution involving the centiic valences 
of the benzene nucleus It has been shown that, as a general 
lule, when hydiogen atoms 01 substituents m positions i, 3, and 
S aie negative, hydiogen atoms 01 substituents m positions 2, 4, 
and 6 aie positive, and vice vers^ Furthermore, the polarity 
of a centric valence of a given carbon atom of the benzene 
nucleus was shown to be opposite in sign to the polarity of the 
hydrogen atom 01 substituent united to that caibon atom Now 
the capacity of the methyl carbon atom of tiiphenylmethyl to 
develop either a positive or a negative valence has been demon- 
strated in preceding paragraphs Accordingly, the addition of 
two molecules of tiiphenylmethyl to two of the centric valences 
of the nucleus, depends upon one molecule of triphenylmethyl 
functioning positively while the othei molecule functions nega- 
tively The electronic interpietation of the interaction of tri- 
phenylmethyl and xylene is embodied in the following scheme — 



From the above it is evident that the interaction of tri- 
phenylmethyl and xylene is not, strictly speaking, an addition, 
reaction, but rather a substitution reaction conforming to, and 
theicby substantiating, not only the mechanism of substitution 



IS 6 THE ELECTRONIC CONCEPTION OF VALENCE 


presented in previous chapters, but also the capacity of tnphenyl- 
methyl to function as a positive ion and as a negative ion. 

In considering (F) the action of acids, and (G) the action of 
light upon tnphenylmethyl, the electronic foimulae of the benzene 
nuclei of tnphenylmethyl are involved The phenyl radical is 
commonly spoken of as being negative in character, but if two 
phenyl radicals are united directly, as m diphenyl, the electionic 
conception of valence legards one phenyl as negative while the 

other IS positive (CgH^) Now triphenylmethane is 

generally made, either fiom benzal chloiide, oi from chloroform, 
thiough replacement of chloiine by phenyl Hydrolysis of 
either of these halogen compounds by potassium hydroxide 
effects the replacement of chloune by negative hydioxyl From 
this standpoint, the chlorine atoms function negatively, and then 
replacement by phenyl radicals would indicate that the latter 
are also negative in tiiphenylmethane, and in tnphenylmethyl 
Hence the electronic fbimula foi tnphenylmethyl, m which the 
valences of only one of the phenyl groups need be indicated, is 
as follows — 


0^c:L^O 


1\ 


+ - 


H 


+ - 




H 




-H 


H 


It should be observed that the hydiogen atoms in the ortho- 
ind para-positions are negative The tendency for negative 

hydrogen to lose an electron and become neutral (H © + H) 
md the further tendency for neutral hydrogen to lose an election, 

+ 

md become positive (H -> © + H) has been considered pre- 
viously in connection with various reactions and interpretations. 
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Therefoie, it may naturally be assumed that the negative hydrogen 
atoms of the benzene nucleus are possibly less stable, m the 
above sense, than the positive hydrogen atoms Moreover, if 
we considei, foi example, the negative paia-hydiogen atom in 
the above foimula of tiiphenylmethyl, what would be the im- 
mediate consequences of its becoming neutial through the loss 
of an election? The positive valence of the para-caibon atom 
would be obliteiated (neutialized or polarized) by the negative 
electron fiom the paia-hydiogen atom In other words, the 
paia-caibon atom would be reduced to the tei valent state, and 
the resulting neutial hydiogen atom would be free or dissociated 
But Its fuilhei tendency to lose another election and thereby 
become positive might naturally lead to its immediate attachment 
to the unsatuiated bivalent methyl-carbon atom which would 
develop a negative valence thioiigh the acquisition of the electron 
fiom the neutial hydiogen atom, and theieby hold in combina- 
tion the lesLilting positive hydiogen atom These changes (in- 
tramoleculai leairangements) are illustrated in the following 
scheme — 


Formula I 
H H 


\+ 


(C„H,), = O 


' V 

\/ 

H 

H 

H 

H 



^ \ 

/ 


\/ 

H 

H 

Formula II 

H 

H 

1- \ 

/ 

1 

\, 

/ 

ii H 

H 


-H (H -> © + H) 


+ H(H -s. © + H) 


This scheme, based upon the tendency of negative hydrogen 
to function positively, affords both an explanation and a 
mechanism of the wandering of the para-hydrogen atom to the 
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methyl caibon atom, and also shows how the para-caibon atom 
m foimula I for liiphenylmethyl is lendeied tervalent in the 
tautomeric modification of formula II In other words, the 
methyl caibon atom of tautomei I is tervalent, the paia-caibon 
atom of tautomei II. is tervalent The existence of tautomei II 
leadily lends itself to, and is the essential featuie of, the follow- 
ing mteipietalion (F) of the action of acids upon tiiphenyl methyl 

F. Action of Acids. 

Concerning the action of acids upon triphenylmethyl, Gom- 
berg states that “ Hydrochloiic acid, and undoubtedly other 
acids, exeit a peculiar catalytic influence upon tiiphenylmelhyl 
The unsatuiated, unstable hydiocaibon is thus converted in the 
presence of small quantities of acids, into an isomeiic stable 
hydiocaibon. This hydiocaibon was first piepaied by Ullmann 
and Borsum, directly fiom Iriphenylchloiomethane, and later by 
the wiitei fiom triphenylmethyl as mentioned above It was 
first taken foi the tiue stable hexaphenylethane But Tschitschi- 
babin definitely proved its constitution to be that of /-benzyl- 
hydiyltetraphenylmethaiie The reairangement takes place 
thus — 

2(CeH,)3C (CoH,),CH-<^3_C(C„H.)„” 

This reaction is leadily inteipieted by the existence of 
tautomei II (see pieceding scheme) in which the para-carbon 
atom of one of the phenyl radicals is in the tervalent state 
The union of this carbon atom of tautomer II with the tei valent 
methyl caibon atom of tautomer I would naturally take place 
because the para-carbon atom originally possessed a positive 
valence, and, therefore, tends to lose an electron, and thus again 
develop a positive valence In turn, this electron would be 
taken up by the unstable tervalent methyl-caibon atom of 
tautomer I Combination of tlie resulting oppositely chaiged 
tautomers would then yield parabenzhydryltetraphenylmethane 
accoiding to the following scheme • — 

= C— < (^ ) >C -> © + (C|,Hj) 2 = c / \c 

H ^ H ' ^ 

(^8^5)3^ + 0 (^6^1 5)3^ 

C(CbH„), 
ri 
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G. Action of Light 

Conceining the action of light, Gombeig has stated that 
“Solutions of tn phenyl methyl in benzene aie quite susceptible 
to light, especially diiect sunlight Like most photochemical 
piocesses of this type, the leaction in this instance also is auto-^ 
oxidation and 1 eduction Schmidlin showed that the following 
icaction takes place — 

3(CoH5hC 2{C«Hp),CH + I 

Schmidlin, employing bi-moleculai foimulce, has presented 
the following scheme foi this leaction — 



and he states that das leicht dissoziierbaie Hexaphenyl-athan 
wild duich das Tiiphenylmethyl zum schwer dissoziierbaren, 
eneigieaimen Di-biphenylendiphenylathan leduziert 

Now the electionic foimula foi tiiphenylmethyl leadily lends 
itself to an inteipietation of this hitheito unexplained leaction 
Fust, it should be observed that not only the hydiogen atoms in 
the paia-positions to the attachment of the methyl carbon atom, 
but also the oitho-hydiogen atoms, aie negative On the other 
hand, the methyl hydiogen atom of tiiphenylmethane (one of 
the leaction pioducts) is positive Theiefoie, the auto-oxidation 
and reduction effected by light involves the transition of negative 
hydiogen atoms from the oitho-positions to the unsaturated 
methyl carbon atom of tiiphenylmethane. Here again the 
relatively unstable negative oitho-hydiogen atoms first become 
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neutral, H H + Q, and the negative electron obliteiates the 
positive valence of the oitho-carbon atom thus making it tei- 
valent The neutral or fiee hydiogen atom becomes positive 

+• 

through the loss of an election, H --> H + ©, which lendeis the 
unsatuiated methyl caibon atom of ti iphenylmethyl negative 
Union of negative tnphenylmethyl with positive hydiogen then 
yields triphenyl methane, and the union of the oitho-tei valent 
carbon atoms, by the transfer of an election from one to the 
other, completes the foimation of biphenylenediphenylethane 
Employing the briefer unimolecular formulae, the electionic 
inteipretation is embodied m the following schemes (i) and (2) 
The first shows the effect of the conveision of the ortho-negative 
hydiogen atoms to the free or neutral state, and the union of the 
resultant 01 tho-tei valent carbon atoms, which leaction is an 
mtramolecular oxidation and ^eductto 7 i The second shows the 
reducing action of the neutral hydiogen upon tnphenylmethyl 
yielding tiiphenylmethane 



Thus the action of light m this paiticular instance involves 

— 4. 

the change, H -s- H + 20 In this connection it may be of 
interest to recall that m the pieceding chapter the action of light 
in effecting nucleus substitution in the side*chain was shown to 

involve the conversion of positive halogen to negative halogen, 
+ — 

Cl Cl + 2@ These processes are analogous m that each 
involves auto-oxidation and reduction. 

H. Electrical Conductivity. 

Gomberg found that the triarylmethylhalides behaved truly 
like salts in that they manifest molecular conductivities which 
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iiiciease with the dilution He states “It was thus definitely 
established that theie aie ‘carbonium’ salts in the tiue sense 
of the definition applied to salts The conclusion was diawn 
that the basic piopeities, by viitue of which the salt foimation 
occuis, leside in the cential methyl carbon atom ” This con- 
clusion is still held by some, but Gombeig latei gave up this 
interpietation, piesenting evidence which favouied the quinol 
kypoi/icsn Accoidingly, he states that “since the manifestation 
of coloui and the salt-like propeities of these substances are 
simultaneous, the conclusion seems wai ranted that both these 
phenomena aic the results of one and the same cause, le , lauto- 
meiization to the quinoid state Consequently, these salts weie 
named quino(.arbonium salts coriesponding to the qmnocarbomum 
base — 

(C„H,),C OH (C„H,), = C = <(3)^\oh 

(Carbmol, (Qninocarbomnm base) 

'^Foi obvious leasoiifa, the basicity was now assumed to lie 
in the quinone nucleus, in the and not in the central carbon 
atom as had been originally supposed ” 

Fiom these two points of view, tiiphenylmethylchloride (or 
othei halides) may be represented electionically as carbonium or 
quinocarbonium salts by the respective formulae — 

(C„H,),C^X (C„H„)„ = C = 

\ / 

Since hydiolysis with potassium hydroxide yields potassium 
halide and the base, it follows that the tiiphenylmethyl ion 
(either foimula) is positive This bungs us to consider the 
unexpected discoveiy that tiiphenylmethyl itself behaves like 
an electiolyte when dissolved m liquid sulphui dioxide, and con- 
cerning which Gombeig has laised the question in these words • 

“ How IS this stiange phenomenon, a hydrocarbon behaving like 
an electiolyte, to be accounted foi ? Seveial explanations have 
been offered, but none of these is entirely satisfactoiy 

Now since tiiphenylmethyl has been shown to act similarly 
to metallic sodium in several leactions (notably Section A and 
B of this chapter) for which the electronic mteipretations were 

+ 

based upon the parallel tendencies — ^Na-~>Na + Q, and 

II 
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+ 

(CgHg)gC (CgH5)3C + © — IS tt not possible that the electrical 
conductivities of sodium in liquid ammonia^ and tnphenyhnethyl in 
liquid sulphur dioxide, are perfectly analogous phenomena inter- 
pretable in similar terms ^ 

An explanation of the conductivity of sodium in liquid 
ammonia solution will be considered first. Cady/®*^ and latei 
Franklin and Kiaus/^® found that when sodium was dissolved 
m liquid ammonia, the solution was a good conductoi, but the) c 
was no visible separation of any products of electrolysis at the 
electrodes, neither were there any signs of polarisation Since 
conductivity presupposes the existence of positive and negative 
ions, peihaps the simplest explanation of the formation of ions 

“ 1 " 

m this case depends upon the change, Na Na + ©, which at 
once accounts foi the positive ions But what disposition is to 
be made of the negative electron^ What is its function ? The 
nitrogen atom in ammonia is tervalent but is legaided as un- 
saturated since it possesses potentially one fiee positive and one 
free negative valence as evidenced by its combination with watei 

(H OH) or hydrogen halide (H X) — 


+ H 



Hence, it may be assumed that the negative election (from 
sodium) neutralizes oi polaiizes the potential positive valence of 
the nitrogen atom of ammonia theieby developing a negative 
valence — 

+ 

Na -> Na + © , 

NH 3 (= HgNl) + Q IsfHg 

In Other words, the ammonia molecule is converted into a 
negative ammonia ion With positive sodium ions and negative 
ammonia ions, conductivity is leadily explained. Sodium ions 

+ 

are discharged at the cathode (Na + © --► Na) and the liberated 
metallic sodium immediately dissolves and reionizes in the liquid 
ammonia The negative ammonia ions are simultaneously dis- 
charged at the anode with the immediate regeneration of mole- 
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cular ammonia (NHj + @ NHg). This scheme not only 
accounts foi (i) the conductivity, but also explains (2) the 
absence of products of electrolysis at the electrodes, and (3) non- 
polarization 

Other facts will now be considered which substantiate the 
preceding explanation One of the difficulties encountered in 
conductivity measurements on solutions of sodium m liquid 
ammonia is the marked decrease in concentration of sodium 
thiough intei action of solute and solvent forming sodaraide and 
hydrogen — 

2 Na + 2NH3 sNa NHg 4- Ho 

What is the mechanism of this leaction^ The existence of the 

ions, Na and NH3, affoids a logical interpretation Correspond- 
ing to the 10ns m a given solution, there is always the possibility 
of the existence of some undissociated molecules. In this 

+ “ 

instance, union of the 10ns, Na and NH3, would yield the 
molecule, sodium ammonia, Na NHg, the complete electronic 
foimula being — 

H 

+ 

•f *“ — + 

Na N H 

+ 

H 

It is at once evident that this compound is exceptional in 
that its nitrogen atom is quadrivalent Let it now be recalled 
that just as carbon is tei valent in so nitiogen was 

shown to be quadrivalent in NOg, and each of these compounds 
may be regaided as a free ladical Their leactivity was ex- 
plained by the abnormal valence of the carbon and nitrogen 
atoms and their tendencies to revert to the normal valence by 
gam or loss of electrons In the same sense, the above sodium- 
ammonia compound may be regarded as a free radical — an un- 
stable compound containing quadrivalent nitrogen* Greater 

* Xbis conception of a free radical embraces the interesting and significant 
organic amalgams prepared by McCoy and Moore Por example, tetramethyl 
ammonium amalgam was prepared by the electrolysis of cold alcoholic solutions of 
tramethyl ammonium chloiide using a mercury cathode. In this reaction, tlie 

' II * 
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stability would ensue if the nitrogen atom became tei valent 

+ 

through the loss of an electron , and, if one of the H atoms 
acquires this election, that hydrogen atom would be rendered 
neutial, le, fiee or dissociated, and sodium amide would be 
foimed. Combination of hbeiated hydiogen atoms yields 
molecular hydrogen The complete electronic scheme for the 
formation of sodium and ammonia ions, molecular sodium 
ammonia, and sodium amide and hydiogen, is as follows — 


Na 0 + Na 

NH, + 0 ^ 


Na- 


H 


-N- 


-H 


I + 
H 


+ — 

Na N 



4 “ “* 

+ H (2H = Ha = H H) 


tetramethyi ammonium ion (in which nitrogen is quinquevalent) loses its positive 
chaige or valence whereupon the nitrogen atom is rendered quadrivalent^ 

(CH3),N + ©->(CH3),N 

(dissolved m Hg) In other words, tetramethyi ammonium, (CHgj^N, is a free 
radical m the same sense that NO2 and NaNHj are free radicals Each is a com^ 
found of quadrivalent nitrogen The instability or reactivity of tetramethyi ammonium 
IS due to the tendency of its nitrogen atom to develop a positive valence through 
the loss of an electron This explains its vigorous reaction with water yielding 
tetramethyi ammonium hydroxide and hydrogen — 

{CH3),N (CH„),N + © 

— 4. 

H OH OH + H 

^ i 

4- — 4. — 

(CH3)iN OH H (2H = H„ = H H) 

McCoy and Moore state that the tetiamethyl ammonium ladical acts on sola 
tions of copper and zinc salts, replacing these metals m the salts and setting free 
the metals themselves. The electronic scheme is as follows — 

2(CH3),N 2(CH3),N 4-2 0, 

4- + 

Cu 4- 2 0 Cu 

These reactions show the striking analogy existing between fiee radicals and 
metals, their behaviour being identical in many instances 
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Fiuthei evidence foi the existence of the sodium-ammonia 

compound foimed by the union of the ions Na and NH^ is 
affoided by the woik of Joannis^^® showing that m solutions of 
sodium m liquid ammonia, two molecules of sodium unite with 
two molecules of ammonia foiming NagNgHd. This is leadily 
explained by the existence of the fiee radical, Na . NHg, in 
which nitiogcn is quadiivalcnt The tendency foi two such free 
ladicals to associate would lead to the foimation of Na2N2Hd 
accoiding to the following scheme — 

I _ S ~ H- ' 

Na-^ NIIj Q + Na~ NH 3 

NHg + Q Na-! 

The above leaction is exactly paiallel to the union of the 
two free ladicals, nitiogen dioxide, to foim nitrogen teti oxide — 

NOa -> 0 + NOa 

NO,, H 0 NOs^ 

01 to the union of two fiee ladicals of tiiphenylmethyl to form 
hexaphenylethane as pieviously desciibed. 

Having shown that the conductivity of solutions of sodium 
in liquid ammonia may be explained by the existence of the 

ions, Na and NHj, and that then union yields the fiee radical 
Na . NH3, the instability of this radical in turn explained the 
foimation of NaNH^ and of NasN^Ho The quadiivalenl nitrogen 
atom in Na.NHg became tervalent in foimmg NaNHg, and 
quinquevalent in the compound NajNaH, The conductivity of 
solutions of triphenylmethyl in liquid sulphui dioxide may now 
be considered. 

The triphenylmethyl molecule is conveited into a positive 
ion by the loss of an electron (either from the methyl caibon 
atom or from the para-carbon atom of the quinone ring, quino- 
carbonium base). This electron converts a sulphur dioxide 
molecule into a negative ion. This follows from the fact that 
sulphui dioxide, like ammonia, possesses potentially one fiee 
positive and one free negative valence (Combination with 
water yields a tautomeiic form of sulphurous acid, thus — 


NO„ 


N0„ 


NA, 


Na- 


-NH„ 


-I- 


=, Na„N„Ha 
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4 * “ 

(SO^ ^ op ±) + H OH 



The negative electron from triphenylmethyl polaiizes the potential 
positive valence of the sulphur atom of sulphur dioxide thereby 
developing a free negative valence In other words, the tii- 
phenylmethyl molecule becomes a positive ion and the sulphui 
dioxide molecule becomes a negative ion according to the scheme 
of the following reactions (i) and (2) — 

(1) (C6H,)3C ^ © -h 

(2) O^S + + ^Oq 

The existence of these 10ns would account for the conduc- 
tivity of triphenylmethyl in liquid sulphur dioxide solution. The 
products of electrolysis aie triphenylna ethyl at the cathode 
thiough the reversal of reaction (i) , and sulphur dioxide at the 
anode through the reversal of reaction (2), 01 the equivalent 

change, SOg + © --> SOg. This scheme is identical m principle 
with the scheme foi the ionization of sodium and ammonia 
previously described 


Summary 

Briefly summarized, the interpretations of a number of the 
characteristic properties of free radicals, particularly tiiphenyl- 
methyl, in terms of the electronic conception of positive and 
negative valences, have led to the following conclusions . — 

(1) Free radicals are comparable m many respects to the 
electncally neutral atomic state, 

(2) The instability, or leactivity, and general chemical pro- 
perties of free radicals depend upon their development of 
positive or negative valences through the loss or gam, respec- 
tively, of negative electrons In other words, free radicals may 
act either as reducing or as oxidizing agents 

(3) The adaptibility and tendency to lose or to gam elections 
are properties of certain atoms m the free radicals The valences 
of these atoms are variable both as to number and to polarity 

(4) Not only triphenylmethyl and other trial ylmethyls, but 



^^FREE RAniCAL.V^ 


167 

also niliogeii dioxide, sodium-ammonium, Ictiameiliyl am- 
momiun, and other compounds, as well as ceilam elements, 
may be ict» aided as fiee radicals 

(5) Some of the peculuii icaiiangemcnt leactions manifested 
by tiiphenylmethyl ate i caddy intcipieted by means of the 
cleitionn fotaiitla of benzene 

(6) Itvidence IS picsentod m suppoitof the view that thcie 
is a close analogy between the elcctiical conductivity of tiiphenyl- 
methyl in Vuixnd vsulphut dioxide solution, and the conductivity 
of stidium dissolved in litpiid ammonia. In the fotmei instance, 

. I ^ 

the ions aic (('<,Ilr,)j,C and SO.5 , m the lattei, Na and NHj 
The existence of these 10ns is substantiated by the foimation m 
solution of the fiec ladical, sodium-ammonium, NaNH.j, the 
elcctionic foimiila of which lends itself to an mtcipietalion of, 
and a mechanism fot, the reaction in which sodium amide is 
foimcd, as well as the compound Na«N»n(}. 

(7) hhnally, it is hoped that the definition and conception 

of fnr (heiewitli developed, applied, and confnmcd by 

Intel inctations of mimcious leactions) may piove to be fiee horn 
the moie 01 less vague and mystical ideas winch have chai- 
acteri/ed the use ot the teun “fiee ladical^' in the liistoiy of 
chemistiy. 

It Is only through the employment of the electronic concep- 
tion of positive and negative valences and electionic foimulm 
that the inteipietations of the existence and piopeities of fiec 
tadicals, ami the gcneial conclusions heic presented, aie possible. 
The hteiatuic upon this subject shows that oidinaiy structiual 
founulm affoid vciy limited aid 
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PHYSICAL PROPERTIES AND PHYSICO-CHEMICAL PHE- 
NOMENA MOLECULAR VOLUMES, ABSORPTION OF 
LKlH'l’ AND FLUORESCENCE 




C'llAriKR XVII. 


Till'; M.I’CTRONIC l-()RMin,.H AND MOI.l'CUDAR VOLUMES OF 
TIIK cnr.UROlSIfNEENES 

In I’.ut IL, C'h.iplcis VII to XVI inclusive, the constitution of 
hon/ene, substitution in the benzene nucleus, and the chemical 
ptupeilies ol ben/ene, a.s well us many of its derivatives, have 
been inteipicted in teims of the elcctionic conception of valence 
.ind the electionic foumil.i of beu/.eue. The puipose of Pait IL 
has been to substantiate the electionic conception of valence and 
the eU'itiouic foimula of benzene chiefly by the enumeration, 
eNplaiiatioii, ,ind inteipietation of t/iemual luopei'tie\ and leactions. 
'I'here now leinain many phv\i<al piopi'iticf and phymo-ihcmKal 
plti'uanti'na, such as moleculai volume dat,i, light absoiption, and 
fluorescenco data to lie explained in teims of the electionic con- 
ception of positive and negative valence. The discussion and 
pioposed inteipietation of these physical and physico-chemical 
phenomena constitute the subject matter of Pait III., Chapteis 
XVII. to XXll. inclusive 

A. Molecular Volume Anomalies. 

I''urthei- evidence for the electionic formula of benzene may 
be found in the develoiunent of a ielation.ship between the 
electronic formula' and the molecular volumes of mono-, cli-, tii-, 
tell a , peuta-, and hexa-chlorobeiizenes. What aie the essential 
fealuu's of the relationship existing between the molecular 
volumes of these six corapouncls and their respective electionic 
fonnuhe? 

Ajiropos of thi.s tiueslion, consider the remarkable anomaly 
fiist noted by Staedel that ^-halogen compound.s always pos- 
SC.SS sm.Uler molecular volumes than their i.somcric a-halogen com- 
pounds. Foi instance, the molecular volume of CHjjCHXCHaX 
is about tluce units less tiian that of CHaCI'LjCHXa. Thus, two 
stiucluudly similar molecules may possess diffcient molecular 

X7X 
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volumes, and there is nothing in the ordinal y structural formulae 
of these isomers to account for, or to con elate, these diffeiences 
Le Bas^^^ has proposed an explanation of some of these 
anomalies in his hypothesis of paitial or incomplete rings, and 
his examination of the molecular volumes of numerous compounds 
has led to the following results which must be consideied in 
this paper {a) If a paraffin compound be substituted by a 
halogen atom or other unsaturated substituent moie than once, 
the volume of the compound is noimal, or subject to the additive 
lule, provided that the substituents be attached to a single 
carbon atom (F) If they aie distributed among seveial caibon 
atoms, theie are always conti actions of a constituent nature 
It matters not how many hydrogen atoms of the teiminal caibon 
are substituted, the contractions are dependent upon the number 
substituted in the /3-position (^r) For one substitution in the 
iS-position the contraction is a little over three units For two 
substitutions in the ^-position the contraction is about six units, 
01 nearly double the first Substitutions in the 7 -position always 
involve greater contractions than substitutions in the /3-position , 
and it is conceivable that substituents in the S-position would 
result in still gi eater conti actions 

In explanation of these lesults Le Bas^^^ states that inter- 
mediate between open and closed chain compounds are what are 
known as paitial or incomplete rings ‘‘ In order that they may 
be formed, it is necessaiy that two atoms or groups, which may 
be supposed to possess lesidiial affinity, occur in a hydrocaibon 
chain attached to different carbon atoms If the carbons aie 
near to each other, there is no need to suppose any vaiiation 
from structure usually considered when the tetrahedial arrange- 
ment of the valency links of carbon is understood The addi- 
tional feature of curvature of the hydrocarbon chain may also be 
the normal condition of things In the case of saturated com- 
pounds the plane formulae are figured thus — 

CHo X 

I ^ } 

CHg Y/ 

If the two attracting groups are united to carbons not in the 
immediate neighbourhood of each other, we must suppose that 
they are brought near by the curvature of the hydrocarbon chain, 
or the alternative supposition just given is true In any such 
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case, such a structure affects the molecular volumes of com- 
pounds Thus — 

X 

ch/ 


It IS not the puipose of this chapter to disparage or discredit 
the explanation of Le Bas, but, lather, to propose a new ex- 
planation based upon the electronic conception of positive and 
negative valences as follows Halogen atoms (and other sub- 
stituents) may function positively oi negatively Halogen atoms 
substituted in the a-position alone, oi in the /3-position alone, 
cause no conti action, but each of the halogen atoms in the /3- 
position occasions a conti action of about thiee units provided one 
oi more halogen atoms ate present m the a-position May we 
not assume, then, that the differences or cofitractions tn the mole- 
cidar volumes of the tsomers aie due to diffeiences in the polarities 
of the halooen atoms or suditituents, tn the a- and ^-positions 
respectively ? Further, may we not assume that diferences in 
polarity aic diiectly related to differences in the relative atomic 
volumes of the halogen atoms or siihstituenfs ^ For purposes of 
illustiation, suppose that the halogen atoms in the a-position 
function positively, while those m the /8-position function nega- 
tively (evidence will be presented shortly) and that the atomic 

volume of X is gieaterthan that of X Then, electronic formulae, 

such as CH3CH2CHXX, and CHgCHXCH^X, correlate the fact 
that the moleculai volume of the a-di-substituted compound is 
gieatci than that of the isomeric a, /3-di-substituted compound, 
the cliffeience in the moleculai volumes being due to differences 

’\- ““ 

m the atomic volumes of X and X ^ Such a coiielation cannot 
be shown by employing the ordinary stiuctuial formulae of the 
compounds in question 

The above assumptions may now be coi related with a number 
of facts which aie readily mteipieted m teims of the electronic 

* It bhould be noted that when different atoms, such as chlorine and carbon, are 
united, a change in the polarity of one, involving a change m the polarity of the 
other, would concomitantly alter the atomic volumes of both atoms, but the atomic 
volume of each atom would not be altered to the same extent Accordingly, the 
molecular volume data under consideration in this chapter are regarded as a measure 
ot certain additive and constitutive effects involving the polarity and the atomic 
volume of certain atoms. 
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conception of positive and negative valences It has been noted 
that when a paiafhn compound undergoes substitution moie than 
once, the molecular volumes of the substitution pioducts are 
normal, i e, subject to the additive lule, provided that the sub- 
stituents aie linked to a single carbon atom In this connection 
consider the direct substitution of chlorine in methane which 
may be represented thus — 

+ + 

H H 

4* + 4-^ 4- 4* 4- — 

H C H 4- Cl Cl H C Cl 4* H Cl 

4- + 

H H 

Successive substitution of positive chlorine atoms would lesult 
m the foimation of compounds of formulas, 

+ + -h + + 

CHj{C 1)5 , CH(C1)j and C(C1), 

If we tabulate the molecular volumes (V,„) of these compounds 
and the volumes of their hydrocarbon gioups, the dififeiences be- 
tween these values will give the volumes of their chloiine atoms 
which are indicated under (j^eCl) in the following table, n being 
the number of chlorine atoms in the respective compounds — 


Compound 


Volume of Hydro 
carbon Group 

o^ci) 

CH2CI3 

6s I 

22 r 

2 X 21 5 

CHCI3 

845 

185 

3 X 22 0 

CCI4 

103 7 

14 8 

4 X 22 2 


The data show a slight increase in the atomic volumes of 
the chlorine atoms as they accumulate m the molecule The 
electronic schemes for the substitution reactions (in the absence 
of intramolecular oxidation-reduction reactions) indicate that the 
substituted chlorine atoms function positively The moleculai 
volume data indicate that the average atomic volume of these 
positive chlorine atoms is very nearly equal to 22 o 

The next question to be considered naturally relates to the 
atomic volume of the chlorine atoms which function negatively. 
An extension of the hypothesis to the constitution and molecular 
volumes of ethylene and ethylidene dichlorides leads to some 
interesting conclusions The values with respect to these isomers 
are as follows — 
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Compound 

(V,„) 

Volume of Hydro 
carbon Group 

(/iCl ) 

CH, CliCK 

88 9 

4 d 5 

2 X 22 2 

CIIjCl CH„C 1 

85 3 

d 45 

i 

2 X 20 4 


Fiom the data it appeals that the average atomic volume of 
the chlorine atom in ethylidene dichloride is 22 2 , in ethylene 
dichloiide, 204 Coriectly to mteipret this constitutive effect, 
account must be taken of the fact that in the majority of the 
aliphatic compounds of the type RCl in which only one chloiine 
atom IS substituted on a carbon atom, the average atomic volume 
of this single chlorine atom is 21 5 Since the chlorine atoms in 
ethylene dichloiide aie singly attached to separate carbon atoms 
and then total volume is 408, the volume of each cannot be 
21 5 Consequently, it follows that if one of these chlorine 
atom^ has the usual volume of 21 5, then the volume of the other 
chloiine atom must be 193, ie, the difference between their 
total volumes, 408 and 21 5 While none of these values is 
absolute, the data indicate a possible con elation of molecular 
volume data and electiomc formulae. Thus, if the a-chlorine 
atom has a gieatei atomic volume than the ^-chloiine atom and 
functions positively, then, m contra-distinction, the /3-chlonne atom 
would be assumed to function negatively The correlation of 
the electronic formulae and atomic volumes of the chlorine atoms 
of ethylidene and ethylene dichlorides may be summarized thus . — 


Isomei s 

CH3 CHCICI 
H- 

CHyCl CHgCl 


(«Cl ) 

+ 

I .j (2CI = 2 X 22 2 = 44*4) 

4- 

40*8 {Cl 4” Cl = 19 3 21 5 ~ 40 S) 


Fiom this point of view, the difference between the molecular 
volumes of ethylidene and ethylene di-chlorides is not dependent 
on the idea of the foimation of a paitial iing, as assumed by 
Le Bas m the case of ethylene dichloride, but is due to a diffei- 
ence m the atomic volumes of the a- and /3-chloune atoms which 
are assumed to function positively and negatively, respectively 
Fuither evidence for the assumption of this diffeience of polarity 
is found m the union of chlorine with ethylene The hydrolysis 
of chlorine (pieviously indicated) yielding hydiogen chloiide 
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-|- 

(H Cl) and hypochlorous acid (HO Cl) indicates that the 

+ — 

chlorme molecule may yield Cl and Cl on dissociation Accord- 
ingly, the addition of chlorine to ethylene is represented thus — 

Cl Cl 

- -1- 

- + + - + - 
Cl Cl + H2C=CH2 H2C CH2 

The opening*’ of the double bond of ethylene may be legaided 
as the simultaneous development of a fiee positive valence on 
the one carbon atom and a free negative valence on the other, 
which valences, respectively, bind the negative and positive 
chloiine atoms In other words, the chlorine atoms m the 
0 .- and ^-positions aie of opposite polaiity 

An analogous situation, indicating that the a-substituent 
tends to function positively while the ^S-substituent is negative, 

+ — 

is found m the addition of hydrogen chloride (H Cl) to acrylic 
acid yielding /3-chloropropionic acid exclusively,^ thus — 

Cl H 

- + 

+ — 4 - — 

H Cl + H2C=CH COnH HgC CH . COgH 

Note also in this connection the addition of hydrogen bromide 
to a-bromo acrylic ester Again the positive substituent unites 
with the a-carbon atom while the negative substituent assumes 
the /3-position, thus — 

Br H 
- + 

4- — + — -j- — 

H Br + H2C.=CBr COgCH^ Ufi CBr CO2CH3 

This compound, a, y8-di-bromopropionic ester, is also the pro- 

+ — 

duct of the addition of biomine (Bi Br) to acrylic ester, and in 


’^Addition reactions involving the two types of double bonds, diplex {C==C), 

+ - 


“• + 

and contraplex (C==C) (Fry, Z pltysik Chem , 76, 400 (1911)), renders possible 
+ - 


an interpretation of many of the anomalous addition reactions studied by Michael 
from the standpoint of his chemical neutralization” theory. 
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view of the pieceding facts the a- and /S-biomine atoms are, 
tcspectively, positive and negative Now the molecular volume 
of a, /3-di-bromopiopionic estei is 3 9 units less than that of its 
isomer, the a, a-compound Thus it appears that the a-substi- 
tuents have a gieatei atomic volume than the /3-substituents and 
a lelationsliip exists between the electiomc formulm of these 
isomeis and then molecular volumes which is summaiized as 
follows — 

H + 

(<s, o) CH, CBrBi CO.jCHj . V)« = 156 3 

(a, 0) CHaBi CH ,Br COaCH, . _ V,» = 152 4 

_ 

Difference (V Br - V Br) =39 

The preceding facts and their correlation with the electronic 
formulae lead to the assumption that the atomic volume of the 
positive halogen substituent is gieatei than that of the negative 
halogen substituent Consequently, the differences between 
the molecular volumes of the isomeis in question is related m 
some way (to be consideied latei) to differences in the polarities 
of the substituents in the a- and jS-positions This hypothesis 
may now be extended to the explanation of the remarkable 
anomalies met with in the atomic volumes of the chloiine atoms 
in the seveial chlorobenzenes, especially hexa-chlorobenzene 
The existence of a lelationship between the molecular volumes 
of the chlorobenzenes and the electronic foimula of benzene 
will be definitely indicated. 

B. The Electronic Formulae of the Chlorobenzenes 

In pievious chapters numeious facts have been presented and 
mteipicted by means of the electiomc formula of benzene A 
substitution iiile has been developed showing that when substi- 
tuents aie of the same sign oi polaiity they will occupy positions 
which aie meta to each othei, but if two substituents are of 
opposite sign oi polaiity they will occupy eithei oitho oi para 
positions to each othei The development of this rule depended 
upon the fact that the electiomc formula of benzene is the only 
foimula which presents conjointly a structuial basis and an elec- 
tiomc interpretation of the lelations between ortho and para 
positions and substituents m contradistinction to meta positions 
and substituents Now, if the electronic formula of benzene 

12 
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IS subject to correlation with the molecular volumes of the 
chlorobenzenes, the following conditions must be fulfilled (l) 
Substituted chlorine atoms occupying ortho 01 paia positions 
to each othei must be of opposite polaiity while those occupying 
meta positions to each otliei must be of the same polaiity 
(2) It has been indicated that chloiine atoms which function 
positively possess a gieatei atomic volume than those which 
function negatively Consequently, positive chlorine atoms in 
the benzene nucleus must possess gieatei atomic volumes than 
the negative chloiine atoms in the corresponding paia or oitlio 
positions These conditions would be fulfilled completely if it 
IS shown that, for instance, in hexa-chloiobenzene 


+ 

Cl 



the positive chlorine atoms in positions i, 3, and 5 possess greatei 
atomic volumes than the negative chlorine atoms in positions 2, 
4, and 6 To this end, considei, first, the electronic schemes for 
the formation of the six chlorobenzenes whose moleculai volumes 
present the remarkable anomalies that demand an explanation. 

The direct substitution of chlorine in the benzene nucleus, 
generally effected with the aid of halogen canieis, coiresponds 
to the following simplified scheme I — 

Scheme I 


+ 

+ 

H 

Cl 



H H 

+ - H H 


+ ClCl 

4- -h 

4- 4^ 

H\/H 

H\/H 

H- 

H- 


+ 


H- - 
H Cl 


in which positive chloiine is introduced The extended sub- 
stitution of chloiine yields the several di-, tri-, tetra-, penta-, and 
hexa-chlorobenzenes Direct substitution, as indicated, effects 
the introduction of a positive substituent, but the electionic 
formula of benzene requires that poly-substituted deiivatives em- 
body negative substituents as well The existence of the negative 
substituents depends upon the electronic tautomeiism (foi ex- 
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— + + 

ample, QH^Cl CgH^Cl) of some of the deiivatives which in turn 
undeigo fuithei substitution With refeience to the formation 
of paia-di-chloiobenzene, oi any other di-substituted deiivative, 
lecall that if a given substituent in the benzene nucleus is positive, 
the eiiteiing positive substituent will occupy the meta position, 
but if the mono-substituent is negative, the enteiing positive 
substituent will occupy paia oi oitho positions The chlorina- 
tion of mono-chloiobeiizene yields chiefly para-di-clilorobenzene 

+ - — + 
Consequently, electiomei CflH^Cl (and not electiomer CgHgCl) 

undeigoes substitution accoiding to scheme II — 

Scheme II 


Cl 


+ /\ + 


H 


Cl 


H 


+ — 
Cl Cl 


+/\ + 

TTf >T_T 


Hi 


H + 


H 


C 1 + 


+ - 
H Cl 


Schemes I and II. in conjunction with the principle of electronic 
tautomeiism show that a given positive substituent may, under 
ceitain conditions, function as a negative substituent, but in 
paia-di-chlorobenzene the halogen atoms aie of opposite polarity 
This not only follows from the electronic formulae but is con- 
fiimed by expeiimental facts, notably the reactivity of the 
negative chloiine atom and the non-reactmty of the positive 
chloiine atom when para-di-chlorobenzene is heated with methyl 
alcohol solution of sodium methylate. The reaction cotifoims 
q^iantitatively to the elect} omc equation — 

+ - + + _ 4, 

Cl . Cgll^ . Cl H Na . OCH3 Cl . C6H4 , OCHg + Na . Cl 

Anothei lemarkable difference between the chloiine atoms 
111 paia-di-chloiobenzene will shoitly be consideied in connection 
With their atomic volumes 

In the complete scheme foi the formation of the six chloro- 
benzenes 111 question, a number of systems of electionic tautomer- 
ism aie involved, but in the following abbreviated scheme III 
only those electionic formulae have been included which aie 
directly related to the present investigation, namely, the correla- 
tion of the molecular volumes of mono-, i . 2 di-, 1.2 4 or 
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I 4 5 til-, I 2 4 5 tetra-, penta-, and hexa-chloiobenzenes 
with then lespective electiomc formulse The electronic formulae 
of these compounds aie indicated in the following scheme III 
by the letteis A, B, C, D, E, and F — 

Scheme III 


4* 
H 

Hi 


H- 


C1 


Cl 



H 

H 


H H 


H 

H 



CI 2 - 


A 


H 



B 


4 — > 

1 4 


4 — 


— 



\ / 

'H 

H 


'H H 

\ /H 

H 

\ / 


Cl 


H 


CL 


H- 


Cl 


tt: 


Hi 


H 


C1+ 


H4 


C1+ 


C1 


H 


+ 

Cl 

/\ 


\/ 

Cl 


ICI 

+ 

H 


+ 

Cl 

/\ 


\/ 

Cl- 


4 

Cl 


Cl 




D 

\/ 

Cl 


CL 


Cl 


+ /\4 
Hi 


Cl' 


E' 

V 


Ch 


Cl 


Cl 


F 

\/ 


The scheme involves thiee systems of electronic tautomeiism, 
namely, (A A'), (C C), and (E E') Beginning with 
benzene, each of the six successive chloimations introduces only 

+ 

one positive substituent, Cl, as has been illustrated in preceding 
schemes I and II Note that A', C', and E' (the respective 
electromers of A, C, and E) yield on chlorination B, D, and F, 
respectively, Comppunds B, D, and F do not possess electromeis 
because they contain an even number of symmetrically substituted 
chlorine atoms On the other hand, the electronic formulae A, 
C, and E are m tautomeric equilibrium with their respective 
electromers A', C", and E' since they embody an uneven number 
of substituted chlorine atoms and the numbei of their positive 
substituents is unequal to the numbei of their negative sub- 
stituents. 

Before tabulating the molecular volume data, it will facilitate 
comparisons if the electronic formulae of the six chlorobenzenes 
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aic lewiitten in juxtaposition and with the positive substituents 
in positions 1,3, and 5, and the negative substituents in positions 
2, 4, and 6 Such an aiiangement will not altei in the least 
the electiomc foimulai of these compounds as derived in the 
pteceding scheme the lelative positions and polarities of the 
substituents lemain the same 


Cl 


H- 


+ 

Cl 


4- 

C1 


+ 

Cl 


+ 

Cl 


Cl” 


Cl- 


Cl- 


Cl” 


+ 

Cl 


H 

^ \ 

H H 

/ \ 

H H 

\ 

H H 


Cl H 

/ \ 

Cl Cl 

X \ 


A 


B 


c 


D 


E 


F 

4- 


4- 4 


1 4- 


1- H 


4- 4- 


4- 4- 


H 

\ y 

11 H 

\ y 

II Cl 

\ y 

H Cl 

\ y 

H Cl 

\ y 

Cl Cl 

\ y 


Cl 

4- 

C1 


Cl- 


C The Molecular Volumes of the Chlorobenzenes, 

The piecediiig airangement of the electronic foimulse of the 
SIX chloiobenzencs (A-F) selves as a key to the following table 
of molecular volume values — 


ChlorobLn/encs 1 


V>n 


V,C1 

A 

Mono- . 

(odd) 

114 6 

92 8 

21 8 

B 

I , 4-Di- 

(even) 

1309 

896 

41 3 

C 

I 4 5-Tn- 

(odd) 

149*1 

864 

62 7 

D 

124 5-Tctra 

(even) 

164 8 

83 2 

81 6 

E 

1234 5-Penta- 

(odd) 

183 9 

80 0 

103 9 

F 

12345 6-Hexa- 

(even) 

200*0 

76 8 

123 2 


19 5 

21 4 
18 9 

22 3 
193 


The fiist column embodies the names of the six chloro- 
benzenes, A to F, inclusive The designation (odd) or (even) 
lefeis to the numbei of chloiine atoms m the respective com- 
pounds The formei aie unsymmetiical in stuictuie , the latter, 
symmetiical The molecular volumes of the chlorobenzenes, 
oiiginally detei mined by Jungfleisch,^^^ and subsequently re- 
tabulated by Le Bas, aie given m the second column, The 

thud column indicates themoleculai volumes of the hydiocarbon 
gioups of the compounds, The difference between the 

moleculai volume of a given chlorobenzene and its hydrocarbon 
group V;,,) gives the molecular volume of its chlorine 
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atoms, VyCl, column four. The last column is one of diffciences 
(^A) between the total volumes of the chloime atoms of the 
successive compounds For example, the atomic volume of the 
cliloiine atom in mono-chlorobenzene is 218. The combined 
atomic volumes of the two chlorine atoms in i 4 di-chloio- 
benzene is 41 3 The difference between these values, namely, 
195, IS, theiefore, the volume of one chloime atom while that 
of the other in the para position is 21 8 The elect! onic formula 
of benzene has shown that substituents para to each othei are 
of opposite polaiity Since previous investigations have indicated 
that the positive chlorine atom may have a gi eater atomic volume 
than the negative chlorine atom, the correlation between the 
atomic volumes and the elect ionic formula is maintained m para- 
di-chloiobenzene. Fuither coiielations aie maintained thiough- 
out the series of the six chlorobenzenes since the column of 
diffeiences (A) shows that the chlorine atoms successively sub- 
stituted vaiy in their atomic volume values by an average differ- 
ence of ± 2 6 units This simultaneous variation in polarity and 
atomic volume is emphasized by the retabulations in the following 
table — 



Relative 

Position 

Polarity 

Atomic 

Volume 

(Poaitivc) 

Atomic 

Volume 

(Ncg'itivc) 

A ist chlorine atom . 

(i) 


21 8 


B ^nd ,, „ 

(4) 


— 

IQS 

c sril 1. >1 

(S) 

(+) 

21 4 


D 4th „ „ 

(2) 

+) 


18 '9 

E 5th „ „ 

(3) 

223 

— 

F 6th „ 

(6) 

(-) 

— 

19 3 


Mean 

values 

21 8 

A = 

xg 2 

= 26 


It IS, theiefoie, evident that a marked diffeience (aveiage 
A = 26) exists between the atomic volumes of the chlorine 
atoms in positions i, 3, and 5 and those m positions 2, 4, and 
6 , and, since the electronic formula of benzene and the substi- 
tution rule has shown that substituents in positions i, 3, and 5 
are opposite in polarity to those in positions 2, 4, and 6, it 
follows that a definite relationship exists between the electronic 
fotmulce of the ra chlorobenzenes and their respective molecular 
volumes The existence of this relationship may be regarded as 
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additional evidence, from a physical point of vieiv, for the electronic 
foi mala of benzene 

Vauous fcicts piesented in this chaptci seem to indicate that 
a change lu the polauty of a halogen atom causes a vaiiation in 
its atomic volume Any attempts to explain this in the piescnt 
state of oui knowledge would plunge us fatally into the meta- 
physics of an atomic stiucture maelstrom Notwithstanding the 
incomplete knowledge of the constitution of the atom as mani- 
fested by the many dififeient hypotheses lelative to the natuie 
and disposition of ‘^valence elections” it is quite conceivable 
that vaiiations in the relative positions of the valence electrons 
which determine the polarity of an atom may likewise cause 
variations in the atomic volume of the atom This assumption 
may lead to an explanation of othei anomalies in molecular 
volume relationships For instance, m the compounds methylene 
dichloiide, chloiofoim, and caibon tetiachloiide, previously noted, 
the aveiage atomic volumes of the chloime atoms aie 21 5, 
22 o, and 22*3, respectively This small increase in the aveiage 
volumes of the chloime atoms as they accumulate about a given 
caibon atom may be due to the lelative positions of the valence 
elections between the caibon and chloilne atoms which may 
mutually altei the lespeclive atomic volumes of these atoms 
It has also been noted that foi one substitution in the ^-position 
of a compound the conti action m molcculai volume is a little 
over three units while substitutions on the 7- and S-positioiis 
result m even gi eater contiactions These anomalies may also 
be 1 elated to diffeiences m the lelative positions of the valence 
elections between the caibon atoms and the halogen atoms 
substituted in the a-, ^8-, and S-positions, thus causing varying 
differences in the degrees of contiactions 

In conclusion, a quotation fiom Le Bas should be noted ^ — 
‘^Theie is no doubt that m spite of the care taken, many 
paits of the pieseat theory of moleculai volumes may have to 
be alteiecl latei as data accumulate, and as oui knowledge of 
the physical propeity mci eases. The identification and explana- 
tion of constitutive effects is not always easy Some paiticular 
atomic values — generally those found m the homologous senes 
R — X are taken as standaid, and by the method of summation 
the value JS'/^V’ais found The diffeience, then measuies 

the constitutive effect Sometimes a mean atomic value is 
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taken, and it then follows that no account is taken of vaiiations 
The gieat difhculty is to identify the effect with a paiticulai 
atom 01 gioup When this seems possible, it sometimes hap- 
pens that other atoms or groups might equally well be identified 
with the effect in question Only a careful examination of a 
laige number of data can oveicome these difficulties It will 
geneially be found that the constitutive effects aic tiaceable 
to some modifications in particulai atomic values, and a con- 
siderable advance is made when we aie able to asceitain foi 
certain which atoms are marked by the vaiiation m question 
and by how much ” 

Apropos of the above quotation, and as a summaiy of the 
present chapter, it has been shown that — 

(1) Halogen atoms which function positively appeal to possess 
different atomic volumes from those which function negatively 
Consequently, it is possible to con elate ceitam additive and 
constitutive effects apparent in the moleculai volumes of certain 
compounds with then electronic foimulac These effects cannot 
be explained by means of the ordinarily employed stiuctuial 
formulae 

(2) Definite relationships exist between the moleculai volumes 
of six diffeient chlorobenzenes and their lespective electiomc 
foimulae These relationships fuither confiim the electioific 
formula of benzene 

(3) It is suggested that any variations in the lelative positions 
of the valence elections which determine the polaiity of an atom 
may likewise cause variations in the atomic volume of the atom 
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DYNAMIC FORMULAE AND THE ULTRAVIOLET ABSORPTION SPEC- 
TRUM OF BENZENE 

A. Colour m Relation to Chemical Constitution. 

It is the purpose of this chapter to present the development 
of a lelationbhip, in the natuie of a linear function, between the 
systems of dynamic equilibiia of the various electromers of 
benzene and the oscillation frequencies of the seven bands which 
chaiactenze the ultiaviolet absoiption spectrum of benzene 
solutions The existence of such a lelationship would not only 
fuither substantiate the electronic foimulse of benzene but also 
afford a new explanation of colour in relation to chemical con- 
stitution 

Watson, m the pieface to his lecent monograph, “Colour 
m Relation to Chemical Constitution,^' states that '‘the early 
theoiies as to the i elation between colour and constitution, such 
as the qumonoid theory and Nietzkfs rule, have pioved of great 
value for practical purposes, viz , in the production of dyestuffs 
and especially for the piepaiation of dyestuffs of any requiied 
shade , but moie recent researches have shown that these classi- 
cal theoiies are by no means adequate Modified and new 
theoiies have been pioposed which agree better with the known 
facts The quest of the idUmate cause of colotcr has revealed 
the g) eat complexity of the problem and has shown the need for 
further work m this diiection’^ 

The fundamental cause of the absorption of light by benzene, 
as proposed in this chapter, is necessarily complex since it has 
to deal With the somewhat complicated systems of dynamic 
equilibiia of the electiomers of benzene. But if the absorption 
of light of known oscillation fiequency can be correlated with 
the electronic foimulae of benzene, then it may be concluded 
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that some definite advance has been made in the quest of the 
ultimate cause of colour in its relation to chemical constitution 

B. The Systems of Dynamic Equilibria of the Electromers 

of Benzene. 

A statement made by Stewait^^’' should be lecalled at this 
point “It IS becoming generally lecognired that the benzene 
molecule is in a state of continual vibiation, and that the only 
satisfactory space formula will be one which lepicsents all the 
other formula; as phases of its own motions, and which way even 
suggest the possibility of new phases as yet uni c cognised The 
main outlines of such a formula have been indicated by Collie i 
and It seems probable that any space formulae of benzene which 
may be proposed in the future will agiee with his in essentials ” 
The plane projections of Collie’s space foimula; and the 
twofold movements which aie attributed to the system have 
been described and illustrated in Chaptei VII., Section B (p 
48) Collie’s space formulae aie coiielated leadily with the 
Kekule and centric formulae since, thiough then movements, 
they are mutually interconvertible 

Again, recall that a complete application of the electronic 
conception of positive and negative valences to the benzene 
molecule, involves five types of carbon atoms, namely, 

+ -f- — + — -j- 

c c c c c 

+ + ++ “+ -- 

I II III IV V 

and if benzene nuclei (centric formulae) aie composed of these 
several types, each nucleus consisting of thiee pairs of the 
combined types I and V, II and IV, and III, and III, sym- 
metrically co-ordinated, six and only six centiic electionic 
formulae (electromers) are possible, as pieviously shown in 
Chapter VII 

Now, if in place of the one centuc phase of Collie’s space 
formulae, there be six centuc electiomers, then there will be six 
times as many Kekul6 and other phases in a complete system of 
dynamic equilibiia of the electromers of benzene Befoie this 
extended system is developed, consider specifically the plane 
projections of those electromers that aie related to the centric 
foimula which is composed of caibon atoms of type III — 
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ii 



phase 



phase 

Note that thefiist and second Kekuld phases piesent two 
distinct types of double bonds In the formei, each of the two 
bonds (Faiaday tubes) comprising a double bond has the same 
direction, since then adjacent ends are of the same sign or polaiity* 
In the lattei, the bonds have opposite diiection, since their 
adjacent ends are of opposite sign or polarity. Hence these two 
types of double bonds may be desigifated by the teims dtp lex 
and contraplex lespectively 

In the complete scheme of dynamic equilibria of the 
electiomeis of benzene, piesented in Fig i, p 188, the first and 
last phases, which are respectively 1 elated to the first and second 
Kekul6 phases, have been omitted foi the sake of bievity The 
centiic clectiomei A, the starting-point of the scheme, so to 
speak, IS composed of carbon atoms of the types I and V. 
Electiomcr A functions as the intei mediate phase between A' 
and A", 

Kekul6 held that the atoms of carbon oscillate in the molecule 
of benzene in such a way that A' would lepiesent the constitution 
of the molecule at one period of oscillation, and A" the con- 
stitution at anothei period. This conception mtioduces a kind 
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of stiuciuial modification diffeiing both from ordinaiy isomerism 
and taiitomeiism foi which BruhP^^ has suggested the term 
pha^ot} opiism^ in the sense that ‘‘the unaltered benzene nucleus 
and analogous ring systems aie phasotiopic ” On the electronic 
basis, h! and A"' maybe tei med elcctiomers^ neithei of 
which could level t to the centric electromer A, unless theie was 
a leaiiangement of bonds or Faraday tubes Such a change 
would lesull in anothei state of equilibrium in the centiic 
electiomei 01 phase. 

Faiaday intioduced the teim “dielectric polarization” to 
desciibe the condition of a non-conductoi or dielectric, as he 
conceived it, when in a state of strain under the action of two 
adjacent chaiges of positive and negative electricity, as, for 
example, in the condensei. Accordingly, the centric phase may 
be assumed to piesent a state of stiain, or of meta-stable equi- 
libiium, by viitue of the balance between three positive and thiee 
negative charges within the iing , hence it may be said to be in 
a condition of dielectiic polaiization The reairangement of the 
thiee positive and Ihiee negative chaiges of the centric electromer 
in such a mannei that the positive charges occupy the positions 
antecedently held by the negative chaiges, and vice vers^, pro- 
duces at one and the same time not only a similar condition 
of dielectiic polaiization, but also another centiic electromer 
Thus, the centiic electiomer A composed of carbon atoms of the 
types I and V undergoes centric i eaiiwigeinent yidlAing another 
centric electiomei B composed of caibon atoms of the types II 
and IV There arc thiee distinct centiic leaiiangement equi- 
libiia, or tiansitions, m the complete scheme, namely, A B, 
C D, E F Note that centiic leaiiangement is structurally 
impossible between B and C, and between D and E 

In Collie’s space foimulas for benzene, the centiic phase is 
mtei mediate between two, and only two, Kekul 6 or phasotropic 
phases. In the pioposed scheme, tn which eveiy electronic 
formula the plane projection of a space formula^ a given centric 
electiomei may be the mtei mediate phase between two, three, 
or foul phasotropic electiomeis Foi example, A is the inter- 
mediate phase between A' and A'' , B, between B"', B^', and C' , 
C, between B', C', and C"' Note that the transition fiom B 

to C may be effected thiough B', B^', or C', but not through C , 
also, the tiansition from D to E may be effected through E', E"', 
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and D'', but not through D' In this mannei the intei-ielations 
of the eighteen electromers compiismg the complete scheme of 
equilibria may be readily traced. 

The scheme as thus outlined, piesents, when considered 
dynamically, two types of dynamic equihbiia which shall be 
designated as p'liviary and secondary systems of phasotiopic 
equilibiia. A primaiy system or tiansition involves thiee 
phases namely, one centric electiomei and any two of its 
diiectly related phasotropic electromeis, as foi example, the 
transitions oi B'^C^C" A 

secondary system or tiansition involves foui phases , namely, two 
centric electromers, which aie mtei convertible by centiic re- 
arrangement, and one phasotiopic electromer of each of the two 
mterconveitible centric electiomers, as for example the tiansitions 
of A' A B B' , or B' ^ C D E"' Twenty piimaiy 
transitions and twenty-eight secondaiy tiansitions aie embodied 
in the complete scheme They will be tabulated and discussed 
later 

The possibility of con elating these various electiomei s and 
their systems of dynamic equilibria with the oscillation frequencies 
of the seven bands of the absorption spectium of benzene con- 
stitutes the present problem Baly and Desch maintain that 
the benzene absorption bands are to be accounted foi by the 
synchronous oscillations of the benzene molecule in some such 
way as a tuning-foik vibrates m response to a note of definite 
pitch In terms of the electron theory, they state that ^‘com- 
bination between two atoms is accompanied by the passage of 
one or more electrons from one atom to the other pioducing one 
or more Faraday tubes of force between them, each Faiaday tube 
representing the chemists’ single bond If by some means we 
cause the rearrangement of these linkings or Faraday tubes, it is 
clear that there must occur a vibrational disturbance in the 
systems of electrons of the atoms concerned Now we have 
direct evidence of these disturbances in the fluorescence of 
tautomeric substances as shown by Hewitt It is, theiefoie, 
only natural that the converse takes place , namely, the absorp- 
tion of light by tautomeric substances/’ 

Baly and Desch show that this process m the aliphatic com- 
pounds in\ olves the make and break between a carbon and an 
oxygen atom, thus — 
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H II H I 

0 O* 

the stai-? being attached to those atoms which are undei going 
the linking change Compounds which manifest keto-enol 
tautomeiism display an absoiption band Applying this idea to 
benzene, Baly and Collie differentiate between the transition 
phases m which any pan of caibon atoms, or any four, or all six 
aie concerned, the various tiansition phases being repiesented as 
follows 



These seven foims aie held to lepiesent all the possible con- 
ditions of making and bieaking the linkings which can occur, 
each pet se being the origin of a sepaiate absorption band. 

This hypothesis of Baly and Collie does not offei any definite 
explanation as to how the seven phases of benzene may be 
bi ought about, apart fiom being the result of some form of 
motion of the atoms in the molecules, Moreover, since it does 
not attribute or 1 elate any one of the above seven phases to any 
one of the seven absorption bands, it thereby fails to indicate 
any possible numeiical relationship between the various phases 
and the oscillation fiequencies of the seven bands An hypothe- 
sis designed to meet these deficiencies is offered in the following 
paiagiaphs 

C. The Electronic Interpretation of Keto-Enol Tautomensm 
in relation to the Absorption of Light. 

Accepting the finding of Baly and Desch that an absorption 
band is the lesult of coexistent ketonic and enolic forms in 
dynamic equilibria, three questions aiise — 

(i) What is the significance of the keto-enol . condition of 
dynamic equihbiium from the standpoint of the electronic fortnulcs 
of keto-enof compounds ? 

(3) Is this significance common both to the keto-enol systems 



192 THE ELECTRONIC CONCEPTION OF VALENCE 


of dynamic equilibria and to the primal y and sccondaty systems 
of phasotropic equilibiia of the electiomers of benzene? 

(3) How are the systems of phasotiopic equilibiia to be 
coi related (a) with the existence of seven bands in the absoip- 
tion spectrum of benzene, and (/;) with the oscillation fiequencies 
of each of the seven bands? The following answeis aie pio- 
posed — 

(i) The electronic foimiilie of ketomc and enolic modifica- 
tions are derivable fiom the electronic formula of one of the five 
typical compounds (see Chapter III, Section B, p 17), namely, 
formaldehyde The formula of an aldehyde or of a ketone is 
indicated by replacing one or two hydrogen atoms, lespectively, 
of formaldehyde by alkyl radicals — 


pj Q J.J 

r T-T 

-p ^ 

R C 

+ + 

+ 

+ 

-1- + 

0 

C 

) 

0 

Formaldehyde 

An Aldehyde 

A Ketone. 


Keto-enol tautomeiism involves the migiation to and fio of 
a hydrogen atom between carbon and oxygen atoms Having 
indicated the electronic foimula of a ketone, the keto-cnol 
tautomeric equilibrium may be repiesented electionically as 
follows — 



That portion of the above scheme within the biackets illustiates 
the opening up” of the dtplex double bond between the caibon 

and oxygen atoms, and the ionization of the migrating hydiogen 
+ 

ion, H This intermediate condition piesumably piecedes the 
formation of the enolic modification which embodies a contraplex 
double bond between the two carbon atoms 

Note particularly that the rearrangement of valences or 
Faraday tubes involves a change in the nature or type of double 



UL TRA VIOLET ABSORP TION SPECTRUM OF BENZENE 1 93 

bonds as found in the kcto- and enol-foims The foimei presents 
a (hplci double bond between the caibon and the oxygen atom , 
the latter, a contmpler double bond between the two caibon 
atoms Hence the electionic significance of the keto-enol tiansi- 
tion lesolves itself to a condition of dynamic equilibiium involv- 
ing tiaiisition fiom diplex to contiaplex double bonds and 
vice versa. Systems of dynamic eqiulibiia involving changes 
from diplex to contiaplex double bonds and vice veisfi, will be 
termed contfaplex-dtplex Oavsitions, This disposes of the first 
question 

(2) With refeience to the second question, the hypothesis now 
pioposecl docs not limit contiaplex-diplex tiansitions to keto- 
enol tautomeiism, but fuithcr assumes that the occuiience of 
co?it! aple^v-diplex transitions m any types of dynamic equilibria 
constitutes the structural and the electronic explanation of absorption 
hands ^ that is, of colour The occuiience of these transitions 
among the piimaiy and secondary systems of phasotropic 
equilibua of the electromeis of ben/.eue have been noted, hence, 
they natuially constitute the basis of the explanation of the 
absorption spectium of bea/one. The discussion of the thud 
question now follows 

Since thcie are seven absoiption bands in the benzene 
spectrum, and it is assumed that the ti ansi tion fiom contiaplex 
to diplex bonds and vice versfl, is the electronic explanation of 
an al)sorption band, then theie must be seven such distinct sys- 
tems involved m the complete scheme of phasotiopic equilibria 
A tabular airangement (sec next page), (cf Ihg i, p. 188) of all 
the possible piimaiy and secondary systems of phasotiopic equi- 
hbiia piesents twenty of the foimer and twenty-eight of the latter 

The clechomeis containing diplex bonds me A!, A", C', D', F', 
and F", while those containing contiaplex bonds aic B', C, 
D", K', and E"' Only those equilibua, eilhei piimaiy qi 
secondary, which involve transitions from an electromei contain- 
ing diplex to one containing contiaplex bonds, 01 vice versa, 
aie followed by asleusks. These only may function as the origin 
of the absoiption bands. 

Since six centuc electromeis figuie in the complete scheme 
of equilibua, there are, accordingly, six classes of primary 
transitions, each class involving one centuc phase Only six 
of the twenty primary tiansitions are asterisked, namely, those 

^3 
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Primary Systems of 
Phasotropic Equilibria 



A' 

1 

> 

1 

> 


B' 

— B— B^' 

1 3 

B' 


1 4 

B'- 

'—•B-— C' 

r 5 

B' 

B'' 

6 

B' 

— C— C' 

7 

B'' 

—C—C' 

" 8 

B' 

C" 

9 

B" 

--.C— C" 

10 

C' 

C'' *}$ 

r 

II 

D' 

—D-D" *}y 

12 

D' 

— D— E' 


D' 

-^D—E'' ^ J ^ 

^ 14 

D'' 

'-~D— 

15 

D'' 

— D— E" 

.16 

E' 

— D— E'' 

ri7 

E' 

— -E— E"' 

J18 

E' 

— E— D" 

I19 

E" 


{20 

F' 



Secondary Systems of 
Phasotropic Equilibria 


f 1 a'—A~B— B' 

2 A'— A— B~B"* 

3 A''— A-~-B— B' * 

- 4 A"— A— B— B" *J 


5 

6 


A' — A— B--C' 
A"— A-B-C' 




II 


f 7 

10 


B' 

B"~-C— D~D' 


:} 


III 


11 B'— C— D— E' 

12 B'-~C->-D— E" 

13 B"— C~D— E' 

14 


16. C'~C— D— D" L,, 

17 C''— D' fi” 

18 c"— C— 

19 c'— C--D— E' 

20 C'— C— D— E" 

21 C''— C—D-^E' 

22 C"-*-C~D--.E" 


f 23 

24 

25 

26 

27 
'^28 


D"_E-~F— F' ^ 
D"— E— F— F" ^ 

E'—E—F^F' 

E' ---.E— F— F" 
E"— -E— F~F' * 
E"--.E— F~F" * 


}VI 

Ivii 


numbered 8 to 13 inclusive, which m turn are subdivided into 
four distinct groups as follows — 


Group (a) 2 transitions, numbered 8 and 9, 

„ {$) I transition, ,, 10, 

» (7) ^ 11 ,, II, 

„ ( 5 ) 2 transitions, ,, 12 and 13 

Since the complete scheme involves thiee centric leariange- 
ments, A B, C D, and E F, there are accoidingly three 
classes of secondary tiansitions They are numbered i to 6, 
7 to 22, and 23 to 28 inclusive, lespectively Eighteen of the 
twenty-eight secondary transitions are asterisked and fall natur- 
ally into seven distinct groups as follows — 


Group I 4 transitions, numbered 

II 2 

III 2 

IV 2 

V 2 

VI 2 

VII 4 


r to 4 inclusive, 
5 and 6, 

7 1, 8, 

15 » 18, 

21 „ 22, 

23 1, 24» 

25 to 28 inclusive 
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An eighth gioup, tiansitions 1 1 to 14 inclusive, does not embrace 
any contiaplex-diplex equilibua, consequently, it plays no part 
in the development of the piescnt hypothesis. 

D. The Correlation of Oscillation Frequencies and Con- 
trapleX“Diplex Transitions. 

The existence of ^even distinct groups of secondary contraplex- 
diplex systems of cqmhlnia constitutes the basis of the correlation 
of the seven ahorption hands of benzene 
quencies of the heads of these bands as 
and Collie are as follows ' — 

Band 

One 
Two 
Three 
Four 
Five 
Six 
Seven 

In attempting to con elate the seven 
contraplex-diplex equilibua with the above oscillation frequencies, 
let it be assumed that the number of transitions in each of the 
seven gioups functions successively and collectively m the pro- 
duction of the seven bands Natuially two^ the smallest number 
of secondary transitions contained in a single gioup, may then 
be assumed to function in the production of the band of loivest 
frequency, namely, band One, 372S* On the other hand, since 
theie aie altogether twenty-four contraplex-diplex transitions in 
the complete system, it may likewise be assumed that all of these 
function in the production of band Seven of highest fiequency, 
4200. In othei words, the vibiations of two secondaiy contra- 
plex-diplex tiansitions aie synchionous with light waves of fre- 
quency 3725 , while the vibrations of twenty-four (i.e, eighteen 
secondary plus six primaiy) contiaplex-diplex transitions are 
synchionous with light waves of fiequency 4200 

These assumptions lelative to the origin of bands One and 
Seven are of no merit or value unless some means is at hand of 
deteimming the numbeis of tiansitions involved m the production 
of each of the five remaining bands. Furtheimore, these numbeis 
must be whole numbers since the present hypothesis requires 
that they be the sums of the transitions in the secondaiy groups 
L to VIL inclusive, and the transitions in the piimary groups, 


The oscillation fre- 
determined by Baly 


Oscillation 

frequency 

3725 
• 3765 
3830 
3915 

4025 

4110 

4200 

gioups of secondary 
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a, / 3 , 7, and S In other words, a Imeai function must be shown to 
exist between the oscillation frequency of each of the seven bands 
and an integral number of contiaplex-diplex transitions The 
possibility that the frequencies of the absoiption bands of benzene 
are a function of a senes of whole numbeis is suggested by the 
discovery of Balmer,^^^ that the wave-lengths of the lines in the 
hydrogen spectrum are a function of successive whole numbeis. 
His formula, 



m which h = 3646 13, and in is given the values 3, 4, S, 6, etc , 
IS only one of several showing the existence of similai seues in 
the line spectra of various elements 

A similar relationship becomes appaient if the oscillation 
fiequency 3725 (band One) involving two transitions and 4200 
(band Seven) involving twenty-four transitions seive as two 
points in a system of rectangular co-oidinates , namely (3725, 2) 
and (4200, 24) The calculated equation for a straight line 
passing through these two points is^ = 21 59 4- 3C81 818 
in which {f) IS the oscillation frequency of a given band and (.t*) 
is the number of contraplex-diplex transitions functioning as the 
origin of the given band Assuming on the one hand that the 
frequencies (y) as determined by experimental obseivation are 
absolutely correct, the corresponding numbers of tiansitions (x) 
involved therein may be calculated On the other hand, em- 
ploying as values for {x) those whole numbers which are most 
closely approximated by the previously calculated values of (x), 
the corresponding values of (j) may in turn be ascertained 
Thus theoretical and actual values may be compaied. In Table 
No I— 

TABLE No I 
(y = 21 591 ^ + 3681 818 ) 


A 

B 

C 

(A-B) 

D 

E 

F 

(D.-E) 

2 000 

2 

0 000 

3725 

3735 000 

0 000 

3 853 

4 

- 0147 

3765 

3768 i8i 

- 3 i8x 

6863 

7 

- 0 137 

3830 

3832 9 S <1 

- 2 95 -^ 

10 Soo 

II 

- 0 200 

3915 

3919318 

- 4 318 

15 S95 

16 

- 0 105 

4025 

4027 272 

~ 2 272 

19 832 

20 

- 0 168 

4110 

4113 536 

- 3 636 

24 000 

24 

0 000 

4200 

4200 000 

0 000 
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column A contains the calculated values for (x ) , column B, the 
senes of whole numbeis most neaily appioximated by the 
calculated values of column A , column C, the dififeiences between 
values in columns A and B , column D, the oscillation frequencies 
as expeumentally detci mined by Baly and Collie, column E, 
the calculated fiequencies (7) coiiesponding to the assumed 
whole niunbci values foi (.t) in column B , column E, the diffei- 
ences between the actual fiequencies in column D and the 
calculated fiequencies of column E 

The values in column A appioximatc veiy closely the whole 
mimbeis m as is evidenced by the column of diffeiences, C 
This favoius the assumption that Uie osallaiion fretjtiencies are 
a function of whole ninnbeis Euitheimoie, the fiequencies m 
column D calculated upon this assumption appioximate the 
actual fiequencies m column E as is evidenced by the column of 
diffeiences F, which aie practically within the limits of eiior of 
expel imcntal obseivation. 

The calculated values of Table No, i aie based upon the 
assumption that the fiequencies of bands One and Seven aie 
absolutely collect while the fiequencies of the intermediate bands 
wcic not consideied in detei mining the equation of the line le- 
latmg licquencies and the numbeis of contiaplex-diplex transi- 
tions* Numeiical values ofgicatei significance aie to be found 
m anothei equation, namely, 7 — 21 60631 + 3679296, which 
is derived by an application of the method of least squares to the 
tvhole niunhets (v) and the actual oscillation frequencies (y) taken 
fiom columns A and D of Table No 2 


TABLB: No 2 
6' 21 CioCi^i -1- 3679 2oG,) 


A 

B 

c 

(B A) 

n 

h 

F 

(D~E) 

4 

^■115 

O’li'? 

37«5 

37^2 509 

1 2491 


Vt)6b 

0*014 

S 7 &S 

3765 721 

- 0 721 

7 

‘)75 

“* 0025 

3^30 

3 « 3 o 540 

- 0540 

XI 

10*909 

- 0 ogx 

39x5 

3916*965 

- l 965 

16 

fO’ooo 

0 * 1 'OO 

/j02S 

40Z4 gg6 

+ 0 00<.l 

20 


0 066 

4110 


~ 1 421 


2^*099 

1 0*099 

4300 

4197 ^7 

H- 2 153 


The deviations, column C, of the calculated numbers, column 
B, fiom the assumed whole numbers, column A, are so slight as 
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fully to warrant the assumption that the oscillation frequencies 
of the seven bands, column D, are a linear function of the corre- 
sponding whole numbers, column A, which aie the numbers of 
the contraplex-diplex transitions involved therein. This hypo- 
thesis IS further substantiated in that the deviations, column F, 
fiom the experimentally determined values, column D, are well 
within the limits of error of experimental observation. The 
probable error m the value of any of the oscillation frequencies, 
as calculated by Peters’ foimula, is only i 328 

This remarkable relationship between the series of seven 
whole numbers and the oscillation frequencies of the seven ab- 
sorption bands of benzene (columns A and D respectively of 
Table No 2) is graphically illustrated in Fig 2. The seven 
whole numbers (X-axis) and the corresponding oscillation 
frequencies (Y-axis) peimit the location of seven points in the 
system of rectangular co-ordinates A line drawn through each 
of these seven points is practically a straight line This, in 
conjunction with the data of pieceding Tables i and 2, both 
warrants and substantiates the hypothesis that the oscillation 
frequencies of the heads of the absorption bands of benzene aie 
a linear function of the numbers of contraplex-diplex transitions 
involved m the system of dynamic equilibria of the electromeis 
of benzene 

E. The Origin of Each Absorption Band. 

One other question remains to be considered , namely, that 
of the possibility of relating each of the seven absorption bands 
to Its proper source It has been assumed that the vibiations 
of two secondary contraplex-diplex transitions are synchronous 
with light waves of frequency 3725 (band One) while the vibia- 
tions of twenty-four, 1 e , the eighteen secondary and the six 
primary contraplex-diplex transitions, are synchronous with 
light waves of frequency 4200 (band Seven) The intervening 
whole numbers, 4, 7, ii, 16, and 20, represent the numbers of 
transitions similarly involved in the pioduction of bands Two, 
Three, Four, Five, and Six, respectively Of the seven distinct 
groups of secondary phasotropic equilibria, one and only one 
group of transitions is related to band One These two tiansi- 
tions of one group plus two transitions of one other of the seven 
groups gives which are related to band Two In turn, these 
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four plus three othei transitions gives seven which are 1 elated to 
band Thiee. In this manner the entiie series of whole numbers, 



Fig, 2, — Benzene in Alcohol (Baly). 


2, 4, 7, II, 16, 20, 24 may be built up, hut each increment tn the 
series must involve the addition of the transitions of one and only 
one of the seven groups of secondary contraplex-dtflex equilibria^ 
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while one or more of the pnmaiy groups may or may not be added 
This condition preserves the correlation of the seven gioups of 
secondary phasotropic equihbiia with the seven bands in a con- 
sistent and symmetrical manner 

The following scheme embodies such an ariangement of the 
several gioups of transitions, and should be studied in conjunction 
with the tables of primary and secondaiy phasotiopic equilibiia 
and the complete system of the electiomeis of benzene in 
dynamic equilibiia. The groups of secondaiy cquilibiia aie 
designated by the Roman numeials I to VII. inclusive and the 
primary equilibria by the letters a, /3, 7, and S , while the sub- 
script numeral is the number of tiansitions involved in the given 
group For example, (IVg) signifies the two secondaiy 
contraplex-diplex transitions, namely, C' C D =5^= D' and 
of group IV , (/3J signifies the one pnmaiy 
contraplex-diplex transition, namely, C ^ of group 
The symmetrically evolved scheme relating each of the seven 
absoiption bands to its possible souice is as follows — 


Band 

1 

Number of 

Origin 

liauMtions 



Involved 

One 

1V2 

2 

Two 

IV2 + (in^ or V2) 

4 

Three 

IVo 4* nig + Vg + [01 or yj) , 

7 

Four 

IVg + Illg + Vg + (^1 or 7j) + (Ilg or Vig) 4- (ag or 5g) 

II 

Five 

IVg 4- Illg 4. Vg + ;6i 4- 7j 4- Ilg 4- VIo + 

IVg 4- Illg 4- Vo 4- 4- 7i + Ik + ag 4- (L or VIL) 

IVg 4- Illg 4- Vo + 4- 7i 4- Ilg -H VIg 4- a, 4- 5g + I4 + VIl^ 

16 

Six 

Seven 

20 

2 d 


Note that the tiansitions of gtoup IV, involve the centric 
electromers C and D which constitute the nucleus, so to speak, 
of the complete system of dynamic equilibiia of the electromeis 
of benzene Accordingly, the other groups of tiansitions are 
successively and collectively embraced, producing m a natural 
sequence the senes of seven whole numbers which are functions 
of the oscillation frequencies of the seven bands, and which 
represent the number of specifically indicated contraplex-diplex 
tiansitions involved in the production of each band respectively. 

The conception that contraplex-diplex transitions occasion 
the absorption of light in carbon compounds is extended, in the 
next two chapters, to the dynamic formulae and the absorption 
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spectra of chlorobenzene, biomobenzene, and naphthalene, with 
the uniform lesult that the oscillation frequencies of the absorp- 
tion bands aie functions of the numbers of contraplex-diplex 
tiansitions involved in the systems of dynamic equilibria of their 
electiomeis 



CHAPTER XIX 


ABSORPTION SPECTRA AND DYNAMIC ELECTRONIC FORMULAE OF 
CHLORO-, BROMO-, AND IODO-BEN2ENE 

Tpie puipose of the present chaptei is to test the validity of the 
absorption theory (just developed in i elation to benzene) by ex- 
tending it to the ultiaviolet absorption spectra of chloio- and 
biomobenzenes In this connection, the non-selective absoiption 
of lodobenzene requires an explanation 

The existence of a rule has been indicated This rule, a 
linear relationship (j ^ sx + 5), involves definite numbers (x) of 
contraplex-diplex transitions occurring within the systems of 
phasotropic equilibria of the electromeis of the compound, and 
the oscillation frequencies (jv) of its absorption bands In this 
and subsequent chapters, contraplex-diplex transitions will be 
termed absorption transitions In othei woids it will be maintained 
that the oscillation frequency (jy) of the head of a given band is 
a linear function of the number of absorption transitions (x) which 
function as the origin of the band of fiequency (jy) 

Purvis undertook the investigation of the absorption 
spectra of chloro-, bromo-, and lodobenzenes in older to ascei- 
tain (i) the nature of the absoiption of the radiant energy, and 
(2i) how far the displacement of one atom of hydrogen of benzene 
by chlorine, bromine, or iodine, affects the type of absorption 
when the compounds were in the vapour state, in solution in 
alcohol, or in very thin films Theiefoie, the piesent chapter is 
limited to a discussion of the effect of the displacement of one 
hydrogen atom of the benzene molecule, by the halogens noted 
above, upon the absorption spectra of the compounds in solution 
(a) in alcohol, and (b) m thin films. The purpose of the present 
development is threefold — 

(1) To compare the data of Purvis with the data of Baly 
concerning the oscillation frequencies of the absorption bands of 
chlorobenzene when dissolved in alcohol. 

( 2 ) To compare and interpret the differences in the values of 
the oscillation frequencies (according to Purvis) of the absoiption 

202 
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bcincls of chloiobenzene and biomobenzene under diffeient 
physical conditions, namely (('z) when the substances aie dissolved 
in alcohol, and {!)) when the substances aie in the foim of veiy 
thin films 

(3) To piescnt a new explanation of the non-selectivc absoip- 
tion of iodobenzene 

Pin vis found that alcoholic solutions of chloiobenzene 
and biomobcn/enc of oquiinolai conccntiations, thiough equal 
thicknesses, exhibit seven wide diffuse bands which aie compai- 
able in appcaiance, and aie shifted a little moie towaids the less 
lefiangible end of the spectuiin in the biomobenzene solution 
Jhiivisthus demonstiated that the eailiei investigations of Baly 
and Colhc/*'^ and Baly and Evvbank/^® weie inconaplete because 
they faded to locate and determine the positions of the entire 
seven bands of these compounds Subsequently, Baly again 
undeitook the investigation of the absoiption spectia of chloio- 
ben/enc and found seven bands, the same niimbei previously 
established by Pin vis The positions of the heads of the bands, 
as dcteimined byPuivis in wave-length values (X), have been 
conveitcd in the piescnt discussion to the coiiesponding values 
m oscillation ficquencies (i/X) so that compausons maybe made 
leadily with the data of Baly, originally given in oscillation 
fiequcncies P'uitheimorc, it is an advantage to have all data 
lecorcled m oscillation fietiuencies since the lule unclei considera- 
tion states that the osullaiion frequencies me linear functions of 
the absoiption tiansiiions. 

The following Table I. includes the oscillation fiequencies of 
the absoiption bands of benzene, chloiobenzene, and biomo- 
ben/ene in alcoholic solution; and chloiobenzene and biomo- 
benzene m very thm films. Iodobenzene shows no absoiption 
bands. 


TABLE I. 


Number 

. II 

Calls . ei 

Calls Cl 

Callti Br 

CalL Cl 
in Pilmi 

Cfllln Bf 
m Mims 

of 

SolHUOll 

Solution 

Solution 

Solution 

Band, 

(Baly). 

(Baly). 

(Pur via) 

(PmvL) 

(Purvis), 

(PUIVJS) 

One 

37«5 

3683 

368s 

3O79 

3674 

3S70 

Two 

3705 

3777 

3781 

3775 

377 g 

3768 

Three , 

3S30 

3H2S 

3814 

3831 

3H18 

381s 

F our 

3913 

3878 

3880 

3874 

3871 

3868 

Five 

<(025 

3980 

39»3 

3917 

3912 

3909 

vSn 

4tio 

3975 

3984 

3976 

397^1 

3971 

beven . | 

4200 

407a 

4082 

4073 

^105^1 

4049 
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An inspection of the above table shows that chloiobenzene 
and bromobenzene eithei m alcoholic solution oi m thin films 
display the same number of absorption bands as does benzene, 
namely, seven Fuitheimoie, the legions of selective absorption 
of these compounds are not widely different These facts lead 
to the conclusion that the absorption tiansitions which constitute 
the oiigin of the seven absorption bands of benzene must function 
similarly as the origin of the seven absoiption bands of chloio- 
benzene and of bromobenzene Theiefoie, befoie considering 
m detail the origin of the absoiption bands of chlorobenzene 
and bromobenzene, it will be necessaiy to lecall biiefly the 
relationship between the oscillation fiequencies of the seven 
bands of benzene and the numbers of absoiption tiansitions 
which are presented by its electiomers in dynamic equilibria. 

Within the complete scheme of dynamic equihbiia of the 
electromers of benzene (see P'lg i, p i88) theie are involved 
altogether twenty primary systems and twenty-eight secondary 
systems of phasotropic equilibria All of these transitions aie 
tabulated on page 194, but it is more convenient in the piesent 
chapter to refer to the following abbreviated Table II. which em- 
bodies only those transitions which function in the absoiption of 
light, namely, the contraplex-diplex or absoiption tiansitions 
These are indicated as gioups 1. to VII and groups a, /3, 7, 
and S 


fA'— A~B— B' 
A'— A— B^B^' 
^ iA"— A^B— B' 
A''-^A~B— 


II 


/A'— A— B--C' 
\A'^— A— B— C' 


III 


C— D— 


TABLE II 


IV] 

'C'— C— D— D' 
C"L_C— D—D" 

a 

r r 

on 

1 1 

V \ 

'C"^C— D— E' 

C" C D E" 


{C'— C-C" 

VI. -1 

E— F— F' 

7 

{D'— D— D" 

^D"'— E—F— F" 

5 

/D'— D— E' 

i D', D E" 


VII “ 

rE'^E~F-->F' 

I E' - E F F'' 



1 E''— E— F— F' 
[E" E F F" 





A mathematical relationship between various groups or 
numbers of these absorption transitions and the oscillation 
frequencies of the seven absorption bands of benzene was de- 
veloped by means of the system of rectangular co-ordinates in 
section D of Chapter XVIII. 

Before extending this method of deriving the seues of 
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numbers of absorption tiansitions to chloiobenzene and bromo- 
benzene, it should be observed that each of these compounds is 
a mono-substituted deuvative of benzene and the substituents, 
chlorine and biomme, aie saturated atoms possessing neither free 
noi latent valences which might mteifere in some manner with 
the centiic valences of the benzene nucleus Theiefoie, it is 
reasonable to assume fuither that the benzene nucleus in chloro- 
benzene and m biomobenzene is capable of undergoing the 
same centnc-reafrangements'^^^ that aie chaiacteristic of benzene 
itself. Accordingly, chloiobenzene and biomobenzene would 
likewise present within the scheme of dynamic equilibria of their 
electiomeis the same total number of absorption tiansitions that 
aie common to benzene, namely, twenty-four. Hence the 
scheme of tiansitions foi benzene indicated m Table II (p 204) 
and Fig. i (p. 188) will apply equally to chloiobenzene and 
biomobenzene in the following discussion 

A. The Absorption Spectrum of Chlorobenzene in Alcoholic 

Solution. 

In the following Table III the oscillation fiequencies of the 
absorption bands of chloiobenzene in alcoholic solution (as separ- 
ately determined by Baly and by Purvis) and their lespective 
successive differences aie indicated Theie is also included for 
subsequent leference a thiid column containing the frequencies 
of the bands of biomobenzene and their successive differences, 
the observations being made upon the compound in alcoholic 
solution — 


TABLE in 


Number 
of Band, 

tflllfi Cl 
(Baly) 

DilTciencc 

Cl, Hr, Cl 
(Purvis) 

Difference 

C«IIb Br 
(Purvis) 

Diffeieiice 

One 

3(182 

95 

3685 

qg 

3879 

96 

Two 

3777 

-18 

3781 

33 

377S 

3881 

46 

Thiec 

3845 i 

53 

3814 

66 

53 


Eoui . 

3878 

3880 


3874 




42 


43 


43 

Five 

3920 

55 

3923 

61 

3917 

3976 

59 

vSix 

3975 

3084 

98 



97 



97 

Seven 

^072 


4082 


4073 
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The columns of diffeiences show that the greatest disci epan- 
cies occur in the fi equencies of bands Three, Six, and Seven These 
diffeiences aieof such inteiest as to wan ant a ciitical compaiison 
and discussion In older to compare the data of Puivis with 
the data of Baly, some basis for compaiison must be selected. 
A basis of comparison piesents itself m the senes of integial 
numbers of absorption tiansitions which aie functions of the 
frequencies of the seveial absoiption bands of chlorobenzene 
This series of numbers for chloiobenzene (in alcoholic solution) 
may be detei mined by employing the system of lectangulai 
co-ordinates according to the piinciples and method previously 
described in the study of the absorption spectium and dynamic 
formulae of benzene 

First, the application will be made to Balyas data on the 
absorption spectra of chlorobenzene in alcoholic solution In 
the following Fig 3, the frequencies aie indicated on the Y-axis 
and the absorption transitions on the X-axis Accoiding to 
the present hypothesis the entiie 24 absorption tiansitions 
function as the origin of the band of highest frequency, namely, 
4072, hence the point (4072, 24) Now there can be found 
passing through this point only one straight line which will intei- 
sect the abscissae from the frequency values (Y-axis) at points 
which have corresponding values on the X-axis (absoiption 
transitions) approximately equal to whole numbers This stiaight 
line passes through the points (4072, 24) and (3682, 8) involving 
the bands of highest and lowest frequencies respectively, and the 
series of whole numbers of absoiption tiansitions which aie the 
linear functions of the fi equencies of the seven bands of chloio- 
benzene are thus found to be 8, I3, 14, 16, 18, 20, 24 The 
line which relates these numbeis with the conesponding fre- 
quencies is an appioximately straight line. It is impoitaiit to 
note that accoiding to the present hypothesis this line should be 
absolutely straight piovided that the data foi the oscillation 
frequencies as determined by Baly are absolutely correct. Be 
this as it may, the deviations from the straight line aie so slight 
that the senes of whole numbers thus ascertained will heie be 
provisionally accepted and employed for purposes of comparison 
m their lelation to Baly’s data for chlorobenzene in alcoholic 
solution On the other hand, if the values foi the oscillation 
frequencies as determined by Purvis be as neaily coriect as the 
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data of Baly, the^ should be 1 elated likewise to the same senes 
of whole numbers of absorption tiansitions Theiefore, an 



Absorption Transitions, 

3 —Chlorobenzene ui Alcohol (Baly) 


application of the hypothesis to the data of Puivis naturally 
follows 

In the followiaig Fig. 4 the frequencies of the absorption 
bands of chlorobenzene in alcoholic solution as determined by 
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Pums are indicated on the Y-axis, the absoiption transitions, 
on the X-axis Band Seven of highest frequency, 4082, involv- 
ing 24 absorption transitions, establishes the point (4082, 34) 



2 46 8 10 12 14 16 18 20 22 24 26 28 

Absorption Transitions 


X 


Fig 4 — Chlorobenzene in Alcohol (Pmvis) 


Now, in this instance there cannot be found any straight line 
passing through this point which will intersect the absciss® from 
the frequency values (Y-axis) at points which have conespond- 
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ing values on the X-axis (absoiption liansitions) approximately 
equal to whole numbeis Furthermore, if the senes of whole 
numbeis related to Baly’s data be applied to the data of Purvis, 
the line which 1 elates these whole numbers with the correspond- 
ing frequencies is not a straight line (see Fig 4) Therefore, 
m teims of the present hypothesis, the values foi the fiequencies 
of the absoiption bands of chloiobenzene in alcoholic solution 
as deteimined by Puivis aie not as accuiate as the conesponding 
values determined by Baly. Furthei evidence of the paitial 
inaccuracy of the data of Puivis on chloiobenzene becomes 
evident when his data on bromobenzene in alcoholic solution aie 
compared with Baly’s data on chloiobenzene. 

B, The Absorption Spectrum of Bromobenzene in Alcoholic 

Solution. 

Again, if leference be made to Table III , it will be obseived 
that there is a remarkably close agieement between the values 
for the oscillation fiequencies of the absoiption bands of chloio- 
benzene as detei mined by Baly and the coi responding fiequencies 
of the bands of bromobenzene as deteimined by Puivis This 
naturally leads to the assumption that the senes of whole 
numbers (8, 12, 14, 16, 18, 20, 24) of absorption tiansitions 
which are linear functions of the frequencies of the bands of 
chlorobenzene aie likewise linear functions of the fiequencies of 
the bands of bromobenzene. That such is actually the case is 
shown by again employing the system of rectangular co-oidinates 
Fig. S shows how closely the seiies of numbeis of absorption 
transitions (X-axis) lend themselves to the formation of a straight 
line when plotted with the conesponding frequencies (Y-axis) 
of the bands of bromobenzene. The data of Purvis aie employed 
in Fig 5 In other words, the piesent hypothesis shows that 
the fiequencies of the absoiption bands of chlorobenzene, as 
determined by Baly, and also those of biomobenzene as de- 
termined by Purvis, are lineai functions of the same senes of 
numbeis of absorption tiansitions. This is not quite the case 
with the fiequencies of the bands of chloiobenzene as deteimined 
by Purvis and discussed m the preceding Section A, Theiefore, 
they cannot be as commensuiately exact as the conesponding 
determinations of Baly, A moie definite, in fact, a rigid mathe- 
matical comparison of all of the data under consideiation will 

x4 
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be presented as soon as the values foi the oscilLilion fiequencics 
of the absorption bands of chloiobenzene and biomobcnzene in 



Absorption Transitions. 


Fig 5 — Bromobenzene in Alcohol (Purvis) 

thin films have been consideied. All of the data under con- 
sideration will then be subjected to an application of the method 
of least squares. 




SPhC/A\4 OF Cm.OFO-i lUUhMO^, AIVP fOlHUHFNZENE 21 t 


C. Absoi ption Spectra of Chloi-obenzene and Bromobenzene 

m Thin Films. 

Piuvis has fouiKl that vci}^ thin films of these two substances 
exhibit sevcai wide diftusc bauds which ate compaiable in ap- 
peauincc and leseuiblc the solution bands, but they aie shifted 
mote tcnvauls the less lelningible ua’ions Tho bands of the 
luoniobon/tmc films ate shifted moie towaids the less icfi^uj^ible 
legion than those of the chloioben/cne films The fiequcncies 
of the bands of these compounds and theii icspcctivc successive 
diftciences aie piesented in the following Table IV 


TAimh IV 


1 'lo of Hutu! 

1 

C,.Uf. Cl 
< thin 1 ilm ! ) 

Uillj'Knu*, 

Hf 

( 1 Inn I'llnvi ) 

niikuencr 

One 


()h 


gH 

'I’w 0 


C’ 


47 

'I'liun 

j 

^Slh 



S 3 

' Innu 


U 


41 

inve 1 


i 

0* 

pm 

6'^ 

Six 

i n)7| 

! 

So 

ju/i 

78 

SmMi 



.j {)40 



I'hc columns of diffeivnces cleaily show that the lelalive 
positions of the heads of the bands of each of these compounds 
aie identical Accoidingly, the fiequcncies of the Imnds of 
chlotobenzcne and of biomohciuenc in linn films likewise should 
b(j i elated to the same series of numbers of absoi ption lumsitions. 
"Jdiis seiics, howevet* cannot be the same as that foi the bands 
of chlorobenzene and bromobenzene in alcoholic solution because 
the relative positions of bands Six and Seven of the compounds 
lu alcoholic solution arc quite different from the relative positions 
t)f the same bands of these compoiiiuls in thin films. The 
maximum difference between the sixth and seventh bands in the 
founer case is 98 ; in the latter case, 8cx 

The sciics of numbers of absorption transitions which aie 
Imeai functions of the frequencies of tho bands of chlorobenzene 
and of bromobenzene when in thin films may be determined 
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according to the method pieviously described for these com- 
pounds when in alcoholic solution In the following Fig 6 
the frequencies of the bands of chlorobenzene are indicated on 



the Y-axis; the absorption transitions, on the X-axis. Band 
Seven, frequency 4054, involving 24 transitions, establishes the 
point (4054, 24) through which only one straight line may be 
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found to pass which will mteisect the abscissae fiom the frequency 
values (Y-axis) at points which have conesponding values on the 
X-axis (absoiption tiansitions) equal to whole numbers This 
line establishes the seucs of tiansitions (5, 10, 12, 15, 17, 20, 24) 
which aie functions of the fiequencies of the conesponding bands 
(One to Seven) of chloiobeiuene in thin films The same senes 
of whole numbeis also functions foi the fiequencieg of the bands 
of biomobenzenc in thin films because the lelative positions of 
the heads of the bands of chloiobenzene and bromobenzene aie 
identical 


D. Application of the Method of Least Squares to 
Absorption Data. 

A more ngid mathematical compaiison of all of the data 
under consideiation m this paper is heiewith presented m the 
following Tables V, to IX inclusive 


TABLE V 


Cin.oiuiHiiN/i'Ni* (ill alcohol) y = 24 -11661: 4- 3^81 905 


A, 

B (Baly) 

C 

D 

8 

3682 

3680 237 

4- I 763 

12 

8777 

3777 go'i 

- 0 904 

11 

3825 

3826737 

- I 7^7 

lO 

3878 

3873-<570 

4 2430 

18 

3920 


- 4 403 

20 

3975 

3973 237 

4- I 7G3 

«1 

4072 

4070 903 

1 1*097 


TABLE VL 

CiiT-oROBi N/KNi' (ill alcohol), )> •= 24 9806 V 4 - 3478738 


A 

1! (Purvi5) 

C 

D 

8 

3683 

3678-583 

4- 6417 

X2 

3781 

3778 505 

4- 2495 

14 

3 «r 4 

38^8 <|66 

- X4‘466 

Ib 

3«8o 

3878*4^8 

4- X572 

18 

39*3 

39-48 389 

- 5 389 

20 

39K4 

3978 350 

4 “ 

24 

4082 

4078*272 

4- 3 7^8 
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TABLE VIL 


BROMOBiiNZiiME (ill alcoliol) ^ Ggo^ I + 3478 52^ 


A 

B (Purvi' 5 ) 

C 

D 

8 

3679 

3676 047 

4 -2953 

12 

3775 

3774 809 

4- 0 T91 

14 

38-21 

3824 189 

- 3 J89 

16 

3874 

3873 570 

1- 0 430 

18 

3917 

3922 os I 

- 5951 

20 

3976 

3972‘333 

4- 3 668 

24 

4073 

4071 093 

4* 1 907 


TABLE VIII 

Chlorobenzene (m thin filmb) jv = 19 9717.^ 4 3573 986 


A 

B (Purvis) 

C 

D 

5 

3674 

3673 844 

0 156 

10 

3773 

3773 705 

I 705 

12 

3818 

3813 646 

-i" 4 354 

15 

3871 

3873 561 

- 2 561 

17 

3912 

3913 505 

- 1505 

20 

3974 

3973 420 

4- 0 580 

24 

4054 

4033 307 

4- 0 693 


TABLE IX 

Bromobenzene (in thin films) y = 19 95^1 8^ 4- 3370*665 


A 

B (Purvis) 

C 

D 

5 

3670 

3670 439 

~ 0439 

10 

3768 

3770 213 

- 2 213 

12 

3815 

3810 122 

"h 4 878 

15 

3868 

3S69 987 

- 1*987 

17 

3909 

3909 896 

~ 0896 

20 

3971 

3969*761 

4- 1*239 

24 

4049 

1 

4049 580 

- 0*580 


In each of the above Tables (V -IX ), column A contains the 
theoretically determined senes of whole numbers of absorption 
transitions which function as the oiigin of the conesponding 
oscillation frequencies respectively indicated in column B The 
equation for the straight line for each table of data expresses the 
relationship between the number of absorption tiansitions (x) 
and the corresponding oscillation frequency (y) In each case 
the equation was derived by applying the method of least squares 
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to the thcoictically (letciminecl uumbeis of til)soiptiou tiansitions 
(i) m coliunn A, and the cxpcunienl.illy delei mined ficquencies 
(p) in column B By means of these e([ualious, values tor the 
oscilLition lic(|ucncies have been calculated ,ind aic indicated m 
column C’ d'he deviations ol the calculated fiom the expeih 
mentally dcleimined freiiueucies (1 e , B~C) aic recoided in 
column IJ 

It will he ohseivcd that, with a lew exct^ptions, the deviations 
show a leuuuk ably close agieemcnt between the calculated and 
the obsei veil heciucncics Kuitheimoie, aciitical test, both of 
the validity of the lule that the fiequeucies aie Imeai functions 
of the numbeis of absoiption tiansitions, and of the accmacy of 
the dat.i in cjuestion, may be found by calculating the values for 
sXvi. l^iobahle eim by means of the application of Peters' fo>mnla 
foi ctich of the columns of deviations in the above d'ables V -IX. 
(^f touise, it is imdeistood that the tcim piobable ciioi " does 
not mean that said eiioi ns more piobalile than any othei It 
signifies that m any substniuent obscivatioiis the piobabiUty of 
committing an enoi gieatei than the piobable eiioi is equal to 
the piobability of committing an enoi less than the piobable 
cuoi. Theicfore, the dcteiinmation of the piobable eiioi for 
each of the <d)ove tables of data wdl give a numencal value 
which will lepiesent the lelative dcgieciol accmacy of the scveial 
sets of data m the above tables, and also scive as a test of the 
validity of the uile. The following tabulation compuses the 
icsults of the application ol J'eteis’ foimula for the pioliablc euor 
of a single obsei vation 

r -oH.| 53 , iV - .sum of the deviations foi each set 

0 

of dabi ; n number of measmemeuts of frequencies, namely 7, 
in each table of data, 

Tnlilt H 

V. CliloiohuvtnuMn alulhal (B.ily) , , 1 

VL ,, „ „ (IHuvrq . . 507Q 

Vn, Piuntiolwn/eiu* >» j» f n ) • 

Vlli. ChUnobetutjnc „ thin him'i ( ,, ) • » ^^‘5517 ^'507 

IX, Bioniabcn/ciw ,, ,, n ( n ) • • xy^jxO 0595 

A comparison of the values in the above table shows that 
the piobable error of a single observation for each table of data 
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(with the exception of VI and possibly VII, i e, chloiobenzene 
and bromobenzene m alcohol according to Puivis), is practically 
within the limits of error of experimental obseivation 

The developments presented in this chapter waiiant the 
following conclusions — 

(1) The oscillation frequencies of the absorption bands of 
chlorobenzene and of bromobenzene, either in alcoholic solution 
or in thin films, are linear functions of a coi responding senes of 
whole numbers In terms of the present hypothesis, the whole 
number which is i elated to a given frequency represents the 
number of absorption transitions which function as the origin of 
the band of given frequency. 

(2) One series of numbers of absorption transitions applies 
equally to the data for chlorobenzene (Baly) and biomobenzene 
(Purvis) when observations were made of the compounds in 
alcoholic solution 

(3) Another series of numbers of absorption transitions 
applies equally to the data of Puivis for chlorobenzene and for 
bromobenzene when observations were made of the puie sub- 
stances m thin films 

(4) The probable errors for the observations of the substances 
in thin films aie not only more nearly equal but they are also 
smaller than the coiiespondmg probable errors for the obseiva- 
tions of the substances in alcoholic solution. 

(5) The possibility of representing the frequencies of the 
absorption bands of a compound as linear functions of a series 
of whole numbers affoids a means of determining the lelative 
accuracy of the observations For example, the data of Purvis 
for chlorobenzene m alcoholic solution (Table VI ) do not con- 
form to this condition as is evident in Fig 4 Furthermore, 
the probable error for this set of observations is not commensur- 
ate with the probable errors for the othei tables of data, and 
therefore indicates greater errors in the determinations of the 
frequencies of the absorption bands of chlorobenzene than m the 
other data under discussion 

E. The Origin of the Absorption Bands. 

There now remains for consideration the possibility of re- 
lating each of the seven absorption bands of chlorobenzene 
and bromobenzene to its probable source In other words, in 
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tciiHs t)f the ptcsciil hypolhetius each absoiptioa band owes its 
oii^m to the evistonce of ccitain mimbeis and gioups of absoip- 
tion liansiUons. The gioiips of absoiption tiansitioni, winch 
aie coininoii to i)en/,ene, chloiohen/ene, and biomol)cnzene have 
been iiuhcateil in 'J'able II 'Ihe piinciplcb employed in lelat- 
in.q; the seven bands of ben/ene to then respective j^ioups of 
alisoiptiou tiansilions have been deseiibed ui Chaptei XVIIl., 
Section IC 'J'hcy aie .i[)phed, hciowith, in the same manner 
to the absui])tion bands, of chloiobonzenc and biomoben/cne. 

Two (lilfcient seiics of luunbeis of absoiption tiansilions 
have Iieen indicated m this chaptei, namely, the senes (8, 12, i^j, 
if), 18, 20, 2»|) for eilhei chlorobenzene or biomobenzene in 
alcoholic solution ; and the seiics (5, to, 12, 15, 17, 20, 24 ) foi 
eithei (.hloioben/eno or biotiioben/ene in thin films Accoicl- 
in|,dy, the two diffeient schemes piesented in the following 
T.ililes X and XI embody the possible aiiangeracnts of the 
seveial gimips of absoiption tiansilions which may function as 

TABint X 

Cm <)IU)IJrN/l NF AND BhoMOHI N/KNK IN AlCOHOrjC vSnUUION 


n mil 

C^rl};in 

Numbci of 
AI)stii]Uio» 

I One 

iVj 1 1 /I) 1 r. 1 

Thuviitioiis 

8 

'rwo 

IV.J 1 (,J 1 /I, 1 y, t 5 j i (I, ()I Vig 


Thun 

IV, j 1 it, 1 / 1 , 1 n 1 »j 1 (I,) ot vn,) 1 (II, j 01 vi,j) 

T.| 

J'Nnii 

IV, 1 «, 1 th 1 n 1 ».• 1 lb 01 Vig 1 ( 11 , <n VI,) 1 (m„ or V,) 

lO 

b\\( 

IV, 1 «, 1 /?, 1 7, 1 ?!, 1 (1,01 vig 1 (11,01 vg 1 iici v. 

18 

Si\ 

IV,, t ( f), 1 7 , 1 S, 1 (I, or VII,) 1 IL 1 VI, 1 III , 1 V„ 

HO 

St veil 

IV, 1 «, 1 fl, 1 7i 1 i b 1 Vll, 1 Ib l-VI, 1 111,, IV,,. . 



tablb: XL 

Cin,ouoini;N/ifNi<- and BuoMmiifN/KNK in Thin 


liuul, 

Onijui 

Number <if 
Almtuptltm 

One 

IV, 1 ((«, 1 H,) 01 (7, 1 h)\ • . , . . 

IVj 1 {{% 1 fti) or (7, fS,) 1 W, or 7,) 1 (I, 01 VIL) , . . 

Tiftiiijiuoim. 

B 

Two 

ro 

Three 

lVj + {(c(,, 01 (7, 1 1 (;8, o»7,) 1 (l.orVig 1 flToOi VU 

IV, 1 a, 1 5 , 1 (jS, or 7,) | (I, or VII,) hjll, 01 VI,,) 1 ( 111 , or Vj) 

xa 

hour 


Five ' 

IVj 1-0,1 1 s] 1 (fll or 7;) 1 (I, or Vni I (U,, or VI,) 1 - 1 II,,+V, . 

X7 

Six 

lV,j 1 o,,| S3 I Pi + y, 1 (I 4 01 Vig + IIj I Vly 1 lILj + Va . 

HO 

Seven 

iv:,t«S 5 lii 8 ,s 7 i-i-b ivn,+ii,,i-vi 3 i.nbi Vj , . 

^4 
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the origin of the coi responding absoiption bands The notation 
IS the same as that pieviously employed Foi example, the 
symbol IVg lepresents the two absoiption tiansitions of gioup 
IV , namely, C ^ C ^ D ^ D' and C" ^ C ^ D D" 

In comparing the aboA/e schemes it will be obseived that the 
absoiption tiansitions of gioup IV. involve the centiic electiomeis 
C and D (see Fig i, p. i88) which constitute the nucleus, so 
to speak, of the complete system of dynamic e(|uilibiid of the 
electromeis of benzene, chloiobenzene, and biomobcnzcne The 
othei groups of transitions are successively and collectively em- 
braced, producing in a natural sequence the senes of seven whole 
numbers which are linear functions of the oscillation fiequencies 
of the seven bands, and which may piobably lepiesent the 
number of the specifically indicated absorption transitions in- 
volved in the pioduction of the coiiesponding absoiption band 
It has also been noted that the senes of numbeis of tiansitions 
related to the absorption bands of chlorobenzene and biomo- 
benzene in alcoholic solution is not identical with the senes of 
numbers of transitions related to the absorption bands of these 
compounds in thin films The explanation of this diffeience 
may be found in the fact that in alcoholic solution the molecules 
of the dissolved compound cannot be as closely compacted as 
they aie in thin films of the puie substance Consequently, the 
relative positions of the electromeis of the compound aie different 
and this in turn may lead to diffeient ariangements of the vaiious 
groups of the electromers so that one senes of gioups of tiansi- 
tions would function as the origins of the bands of the compound 
in solution while another series of groups of absoiption tiansitions 
would determine the origins of the bands of the compound in the 
pure state, that is, m thin films. 


F. The Non-Selective Absorption of lodobenzene, 

The absorption spectra of solutions of lodobenzene have been 
investigated by Pauer^^g bands. Puivis^^^^ also 

studied the absorption spectra of vaiious concentrations of 
alcoholic solutions of lodobenzene, and of thin films of the pure 
substance No bands were found in eithei case, whereas each 
of the corresponding mono-substituted derivatives of benzene, 
chlorobenzene and bromobenzene, exhibited seven bands. This 



SPECTRA OF CHLORO’, BROMO-, AND lODO-BENZENE 219 

anomalous behavioui on the pait of lodobcnzene demands an 
explanation 

Pin VIS has offered the explanation that ‘‘the heavy iodine 
atom IS the conti oiling foice, and it damps and dislocates the 
movements of the atoms of the benzene nucleus as well as the 
alkyl side chains, so that the lythmical oscillations or vibiations 
aie destioyed, and no selective absorption is possible’’. It is 
undoubtedly true that the mass, the intniisic chaiacLeiistics, the 
oiientation of the atoms of the benzene nucleus and its substi- 
tuents, and the physical conditions of the vibrating system, may 
all function in detei mining the natuie of the absorption spectia, 
but the absoiption hypothesis of Purvis and his explanation of 
the non-selective absorption of lodobenzene and its derivatives 
must be legaided as deficient for the following reasons — 

(1) Puivis fails to define the natuie 01 type of the rhythmical 
oscillations 01 vibiations of the so-called “oscillation centres 

(2) The assumption thit the weight of the iodine atom in 
lodobenzene damps and dislocates the movements of the atoms 
of the benzene nucleus, theieby preventing selective absorption, 
IS somewhat cubitiaiy in that it fails to take into consideration 
another equally piobable condition, namely, that the weights of 
other atoms, chloiine and biomine, which replace one hydrogen 
atom of benzene likewise may damp, or at least dislocate, the 
movements of the atoms of the benzene nucleus and, theieby, 
either altei or pievent selective absorption This, howevei, is 
not the case since chlorobenzene and bromobenzene each show 
seven absoiption bands — the same numbej exhibited by benzene 
An inspection of the following tabulation fuithei emphasizes the 
significance of this ciiticism — 


A 

B C 

CoII« H 

C„H„.C1 

C„H„ Br 

CjH, . I 

H i»oo8 — 

Cl ==: 35 46 35 46 . i 008 = 35*17 

Br 79 93 79 93 35 4^ ~ 

I = 126 92 12G 92 79 92 « 1*58 


Column A contains the foimulse of the compounds under 
consideration. Column B indicates the atomic weights of the 
substituents which replace one hydiogeii atom of benzene; 
benzene, in turn, being regarded as phenyl hydride, a mono- 
substituted derivative. Column C embodies data showing that 
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the chlorine atom which replaces one hydrogen atom is 35 ^ 7 
times as heavy as the replaced hydiogeii atom of benzene 
Notwithstanding this veiy gieat difference m the ratio of the 
weights of the substituents chlorine and hydrogen, chloiobenzene 
shows the same number of absorption bands as does phenyl 
hydride or benzene Furtheimoie, the biomine atom which may 
be regarded as leplacing the chlorine atom is 2 25 limes as 
heavy as the displaced chlorine atom, nevertheless, the lesult- 
mg compound, bromobenzene, shows seven absorption bands 
Finally, the iodine atom replacing the bromine atom is only 
1*58 times as heavy as the displaced bromine atom, but lodo- 
benzene shows no absorption bands Therefore, in view of 
these decreasing ratios of the weights of the substituents, hydro- 
gen, chloiine, bromine, and iodine, to one another, the non- 
selective absoiption of lodobenzene should not be attiibuted to 
the weight of the iodine atom How then is the non-selective 
absorption of lodobenzene to be explained? 

The present hypothesis has explained selective absoiption 
by the occurrence of definitely described rcairangements of 
valencies within the electronic foimulse of the compound in 
dynamic equilibria These rearrangements, conti aplex-diplex 
transitions or absorption transitions, must be intei fered with in 
some definite way if the selective absoiption of the compound 
IS to be prevented Therefore, if chloiobenzene and bromo- 
benzene each shows seven absorption bands and lodobenzene 
shows none, it must be concluded that the chlorine and bromine 
atoms in chlorobenzene and bromobenzene do not pi event the 
occurrence of absorption transitions, but that the iodine atom in 
lodobenzene (or its derivatives) inhibits, m some manner, the 
occurrence of absorption transitions. Now the existence of 
absorption transitions has been shown to depend upon rearrange- 
ments of the centric valences of the nucleus. Accordingly, the 
non-selective absorption of lodobenzene must be due to the inhibition 
or prevention of the centric rearrangements of the benjsene nuclei by 
the substituted iodine atom 

Why does not the substituted chlorine and bromine atom in 
chlorobenzene and bromobenzene inhibit centric rearrangements 
and thereby prevent the occurrence of the absorption tiansitions 
and the consequent selective absorption of these compounds? 
The answer to this question may be found in the particular 
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chcmiccil naluie of the substituents chlouue, biomine, cind iodine 
In chl()iol:)cn/cnc and biomobcnzene the substituents aie com- 
pletely satin ated, \ c , they foim no addition compounds thiough 
the intei mediate agency of the chloiinc 01 biominc atoms On 
the othei luind, the iodme atom in lodobcnyene is iinsatuiated 
since it combines diioctly with chloime to foun lodobenzene di- 
chloncle accoiding to the eiiiution/*^" 

CiJlfil 1 CL *—> C{jllgTCIa. 


The existence of the compounds, loclosobeiucne, and 

lodoxyben/cne, C^lIsIO., affoids additional evidence of the 
imsatmated ctindition of the iodine atom in lodobenzene The 
coiiesponding dcuvatives of chloiobeiizene and bioinobenzene 
aie unknown. 

The maimer in which the unsatuiated iodine atom inhibits 
the cent lie leauangements of the ben/ene nucleus may be made 
evident by consideinig fust the stuictiual foimuhe of the com- 
pounds loclobcu/eiic dichloudc, lodosoben/ene, and lodoxyben- 
zene, namely, 


Cull,--] 


^C1 

Xci’ 




/ 

\ 


o 

o 


In lodobenzcne, iodine Ls univalent ; in iodobenzene 
chchloiide aiul lodobobenzene, tei valent ; in iodoxybenzene, 
quinquevalent In periodic acid, HIO4, fatiiictiually lepiesented 

o, the maxitnura valence of iodine is seven. Hence 

it may be concluded that the unsatuiated iodine atom in 
iodoben/enc may possess two, four, and possibly six fiee or 
potential valences which may be repiesented as follows; — 







This iiroperty of ceitain atoms to display a capacity for 
increasing their degieo of saturation is well known, and genci ally 
the additional valences manifest themselves, or are called into 
play, so to speak, in pairs, l'<'urtheimore, the two valences of 
such a pair are of opposite sign or polarity, Foi instance, m 
the reaction, NHj + HCl -*■ NHjCl, the nitrogen atom changes 
Its valence fiom three to five, that is, the valence is increased by 
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two In terms of the electronic conception of positive and 
negative valences this leaction is repiesented as follows — 


NH3 = NH8= 

+ 

NH3 + H Cl = 

+\ 

- ' Cl 

Analogously the iodine atom in lodobenzene incieases its valence 
by two when combining with chloiine, thus • — 


CoH, 1 

CeHj 1 


CeH, 1= 

+ 


+ 


+ — 
Cl 



Cl 

Cl 


Analogously the several possible degrees of satuiation of the 
iodine atom in lodobenzene may be repiesented as follows, the 
additional valences appearing in pairs — 


CgH, — 1= 
+ 




!- 




In the last formula the iodine atom displays its maximum 
valence of seven One valence unites the atom to the benzene 
ring, and each of the three pairs of latent or potential valencjgs 
comprises one positive and one negative valence 

Of the six centric valences of the benzene nucleus, thiee aie 
positive and three aie negative Hence, the centric valences 
may be regarded as consisting of thiee pans of fiee 01 potential 
valences, each pair consisting of one positive and one negative 
valence Therefore, all of the free 01 potential valences of lodo- 
benzene may be indicated in the following stiuctuial foimula — 


H 
C 

'V +•^1 


H c: 


H 


:C H 
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Now the unsatiuated valehces of the lodme atom and the 
centric valences of the benzene nucleus would most natuially 
engage or neutralize one anothei as may be indicated m the 
following foimiila in which the substituted iodine atom has been 
placed in the centre foi the sake of symmetiy . — 


H 


H Cf 


H C 




c 

C H 


'C' 

H 


This electronic formula definitely illustrates how the centric 
valences of the benzene nucleus may be eithei “ bound ” or in- 
teifeied with by the unsatuiated valences of the substituted iodine 
atom. Theiefore, the non-.selective absorption of iodobenzene 
natuially may be attributed to the unsaturated state of the iodine 
atom, the free or potential valences of which bind or inteifere 
with the centiic valences of the benzene nucleus, theieby inhibit- 
ing centiic learrangements, and consequently pieventing the 
occurience of absoiption transitions. 
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DYNAMIC ELECTRONIC FORMULAE AND THE ULTRAVIOLET 
ABSORPTION SPECTRUM OF NAPHTHALENE 

The electronic conception of valence and the absorption-liansition 
hypothesis have been applied, lespectively, to the constitution 
and to the ultraviolet absorption spectia of benzene, chloioben- 
zene, and bromobenzene They are extended, heiewith, to the 
constitution and ultraviolet absorption spectium of naphthalene. 

A. Electronic Formulae of Naphthalene. 

Benzene nuclei of the centric type were composed of the live 
electronic types of carbon atom (see p 49) Each nucleus em- 
braced three pairs of the combined types 1. and V, 11. and IV , 
or III and III , symmetrically co-ordinated Only six centric 
electronic formulae, centric electromers of benzene, were possible. 
By extending this method of building up electronic formulae to 
the constituent atoms of the naphthalene molecule, two and only 
two, perfectly symmetrical centuc electromers are possible, 
namely, A and B of Fig 7 — • 



Fig 7, 

Note that electiomer A is composed of caibon atoms of types 
I and V , B, of caibon atoms of types II , III,, and IV , sym- 
metrically co-ordinated The inclusion of carbon atom of type 
III with types II and IV in electromer B is noted specifically in 
the two carbon atoms that are not united to hydrogen atoms. 
In other words, these are the two carbon atoms common to the 
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two hcn/t'HC uii'^s which constitute the naphthalcno molecule 
It IS veiy .sigaillc.uit th.it the hydioj4cu atoms in positions 
r, 5, 6, ,111(1 8 of the n.iphtlulene liiigaie nejr.itive while those in 
positions J, .j, 5, and 7 aie positive. 

It is (luile possible to iiiteipiet many of the chemical piopei- 
ties and ic.ictioiis of naphthalene in tcims of the jiolaiities of 
these hydiosjen atoms of the electioiuc foimula of n.iphthalene, 
somewhat a.s substitution in the bcn/,ene nucleus, and many 
chemic.il piojieities of ben/ene .uid its doiivatives wcie mleipicled 
fully in teims of the electioiuc foimula of benxene. This mono- 
•fiaph has limited its intei[)iet.itioa of chemical leactions chiefly 
to bcNi/.eiie .ind its deiiv.itives Thu clectionic foimul.e of con- 
denseil beu/.ene nuclei, such as naphthalene, anthiaccne, and 
phenanthiene, are de.ilt with in 1 elation to iihenoinena of light 
absoiption and nuoiescetice. 

B. Systems of Dynamic Equilibria of the Elcctromers of 

Naphthalene. 

A complete scheme of the systems of dynamic aiuilibiia of 
the elcctioiueis of n.iphthalene is given in Fig, 8 (p eeb). The 
pol.uities of the valences which engage the hydi ogen atoms of 
naphthalene .11 e not indicated because they do not function m the 
contiic ie,iii'angemeiils and lelated .systems of equiHbiia. 

ICiich electronic formula is to be 1 eg aided as the plane pio- 
jcction of a .space fomiula. The centric electiomei A is the 
iiitei mediate ph.ise between the three possible phasotiopic 
electromeis A', A", and A'", lly means of ceutiic leanaiige- 
meiil, A, composed of c'athoiv atoms of the types I. and V., may 
be eonveited into B, (oinposcd of e.irbon atoin.s of the types If., 
IIi,.uul IV. Ill turn, B functions as the intermediate phase 
between the phasotiopic electiomurs B', JI", and B'". This 
scheme presents six primary and aim' seeondaiy .systems of 
phasotiopic equilibri.i. Two of the primaiy and the nine 
secondary systems involve contrupIe.x-diplex liansitions which 
are assumed to constitute both the structural and the electronic 
explanation of the ultraviolet absorption spectrum of naphtha- 
lene. 

Before tabulating and discus.sing the several systems of 
contiaplex-diplex transitions, i.e., absorption transitions, it will 
be necessaiy to review briefly the relation between the absorption 

IS 
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spectrum of naphthalene and its chemical constitution as con- 
ceived by Baly and Tuck 



if 



C. The Absorption Spectrum of Naphthalene. 

Baly and Tuck state that “ there are three absorption bands, 
namely, two narrow ones at i/\ = 3125 and 3220 lespectively, 
and a broad band with its head at about i/x = 3700" In 
attempting to correlate the position of these bands with the 
constitution of naphthalene Baly and Tuck maintain that “ from 
the ease with which naphthalene is reduced in hot alcoholic 
solution by metallic sodium to the dihydro compound (I.), 
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and the fuithei reduction to the tetrahydro compound (11 ), this 
being the final pioduct of the reduction, there is little doubt that 
one of the iings is tiuly benzenoid, and the other contains two 
ethylcnic double bonds, which according to Thiele’s law, give 
then maximum effect at the two extremes, that is to say, 
at positions i and 4”. Baly and Tuck then conclude that 
“ Naphthalene thciefore would seem to consist of two rings, of 
which one is tiuly benzenoid, and the other contains two con- 
jugated double linkings Theie is no leason to insist that the 
two rings aie pcimanently endowed with one of the two above 
chaiacters, in fact it seems that the interchange of these chai- 
aclets between the iings is peifectly possible, and no doubt is 
continually taking place.” 

In seeking the oiigin of the three absorption bands in the 
spectium of naphthalene, Baly and Tuck insist that the broad 
absorption band with its head at i/X 37oo is due to the 
benzenoid motions of the naphthalene molecule and attribute 
this band to that half of the molecule which is benzenoid in 
character On the other hand, they maintain that the two nanow 
bands at l/\ = 3125 and 3220, which aie nearer to the led end 
of the spectrum than any of the benzene bands, must be due to 
the isoiiopesis between the benzenoid tautomerism of the ring 
and the ethylenic double linkings of the other half of the mole- 
cule. Hence naphthalene is lepiesented by the formula — 



in which isorropesis between atoms 2 and 3 with the benzenoid 
system is indicated by the dotted lines. 

The foregoing suppositions of Baly and Tuck are open to the 
following three possible objections . — 

(i) Since the naphthalene molecule is generally conceded to 

15* 
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be symmeliically constituted and to confoiiu siuicliually to eithei 
of the tliiec following symmciuctil types — 



it natiudlly follows that any systems of vibiations of the naphtha- 
lene molecule should likewise be syimnetiically developed and 
involve only symmetucal conOguuitions 

(2) The fact that ceitain deuvatives of n.iphth<ilene (such as 
the pieviously noted dihydio-and tetiahydio-naphthalenes) seem 
to consist of two rings, one of which is Uuly bcn/enoid while the 
othci contains two conjugated double hnkmgs, cannot be ac- 
cepted as pioof that naphthalene itself consists o[ two kinds of 
lings Baly and Tuck paitially admit this objection in then 
statement that ‘Hheie is no leason to insist that the two iings 
aie peimancntly endowed with one of the two above chauictcis ; 
in fact, It seems that the intei change of these chaiacteis between 
the rings is peifectly possible, and no doubt is continually taking 
place'’. This admission is incompatible with then fundamental 
assumption that one ung of the naphthalene molecule is ben- 
zenoid and that its vibiations pioducc band i/X ^ 3700, while 
on the othei hand the ethylcmc ung peimits of isonopesis be- 
tween the atoms 2 and 3 with the ben/.enoid system, theieby 
accounting foi bands i/X « 3125 and 3220. 

(3) The hypotheses of Baly and others fail to indicate the 
existence of any quantitative lelationship between the actual 
oscillation fiequencies of the absoiption bands and then proposed 
dynamic foimulie 

In the pioposed electionic foimulm foi naphthalene and m 
the systems of dynamic eqiuhbiia oi the vauoiis elcctrumeis theie 
is perfect symmetry both in the sliuctuie of the clectiomers and 
in the tiansitions they undeigo. Moieovci, it is possible to show 
that a quantitative lelationship in the nature of a lineal fuucUon 
exists between the actual oscillation ficqucucies of the absorption 
bands of naphthalene and the numbcis of absorption tiansitions 
which may be specifically indicated in the systems of dynamic 
equilibria of the vaiious elcctiomeis. 
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D. Correlation of Oscillation Frequencies and Absorption 

Transitions, 


Refeiiing to the complete scheme of dynamic equihbiia of 
the electiomeis of naphthalene (see Fig 8), obseive that thcic oc- 
ciiis only one centiic leanangcmcnt tiansition, namely, A B 
The phasotiopic electiomeis, A', A!\ and aie each deiived 
fiom the centiic elcctiomer A and each contains five diplex double 
bonds They may theiefoie be legaicled as mutually equivalent 
in these systems of equilibria m which they aie involved On 
the othei hand, B', B'", and B'", each deiived fiom the centiic 
electiomei B, aie not mutually equivalent since B' and B'" each 
contain five coiitraplex double bonds while B"''' contains four 
contraplex and one dtplex double bonds B' and E'' may theie- 
ioie be legaided as mutually equivalent while B'^' stands in a 
class by itself^ Thus theie aie thiee gioups of phaso tropic 
electiomeis, namely — 


A' — A'' — A'", each containing five dtplex double bonds , 
each containing five contraplex double bonds , 

B'", containing one dtplex and four contraplex double bonds 

The piimaiy and secondary systems of phasotiopic equilibna 
aic indicated m the following tables Those equilibiia involving 
contiaplex-dlplex, 01 absoiption, tiansitions aie each followed 
by an asterisk • — 


Piimary Sybtems 
A' 

A' —A— A''' 
A'^—A—A'" 

11 " 


Secondary SybLtm j 

{ V * 

I { A" ^A— B-^-B'" 

{ A' ~-A-~B 
A" -~A~~B--«B' « 
B^B' « 
A' '' 

A" -A—B -~B" « 
A"'---A~B->-B" 


Only two of the primaiy systems (group a) piesent absoip- 
tion transitions The nine secondary systems are naturally 
divided into two groups. Group 1 . presents thice transitions, 
each of which involves B'" m dynamic equilibiium with A', 
A", and A'^ respectively. Group II presents six transitions 


* This type of an electroraer functions in the production of the fluorescenct 
band Electronic formulae in relation to fluorescence will be considered in the fol- 
lowing chapter. 
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involving B' and B" m dynamic equilibiia with A', A", and 
respectively Hence the following summaiy — 

' Group a 2 absoiption transitions, 

Group I S )» n 

Group II 6 n ,, 

The correlation of the numbeis of these licinsitions with the 
oscillation fiequencies of each of the bands in the ultiaviolet 
absorption spectrum of naphthalene must now be developed 
The oscillation fiequencies of the heads of each of these bands, 
as deteimined by Baly and Tuck, aie as follows — 

Band One i/A 3125 

Band Two t/a -- 3220 

Band Three , i/A == 3700 

Now the two transitions of gioup a and the thiee transitions 
of gioup I. (1 e , five transitions), involve the electromei B'" which 
differs from each of the other phasotiopic elcctiomeis of 
naphthalene These five transitions may be assumed to function 
in the pioduction of one of the absoiption bands, presumably 
band One of lowest oscillation frequency, 3125 In other woids, 
the vibrations of these five absoiption tiansitions aie assumed to 
be synchronous with light waves of fiequency 3125. On the 
other hand, there lemain the six absorption transitions of group 
II which do not involve the electiomei Hence the 

vibrations of these six absorption transitions may be synchionous 
with lightwaves of frequency 3220, le, band Two. In othei 
woids, the oscillation fiequencies 3125 and 3220 have been 
assumed to be functions of the whole numbers 5 and 6 lespec- 
tively The problem now demanding solution is the deteimina- 
tion of that whole number which is a function of the oscillation 
frequency 3700 of the lemaming band Thiee How is this 
number to be deiived ? 

Again, by employing the system of rectangulai co-oidinates, 
it is possible to determine the number of absoiption tiansitions 
involved in the pioduction of band Three. In Fig. 9, the 
frequencies are indicated on the Y-axis and the numbeis of 
contraplex-diplex transitions on the X-axis. Five transitions 
have been assumed to function as the oiigin of band One of 
frequency 3125, six transitions as the origin of band Two, 
frequency 3220 Now if a straight line be extended^ thiough 
the points (3125, 5) and (3220, 6) its extension will mteisect the 
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peii>eiKUcuLu fujin fretiucncy 3700 .it a point which ha'^ a cone- 
spoailuig value 011 the X-axis equal to the whole numbei eleven. 
In othei wohK, theie aie eleven absoiptum ti.insitions function- 
in|j .it> the oiiqm of band Thiee, fieqiiency 3700. h'lutheinioie, 
It IS icm.uk.ible that this munbei it, as thus cleiived, is equal to 
the Sinn of 5 plus (> In teiins ol the .ibsoiption tuinsition 
hy(>othesis this numeiital losiilt peiniits of only one conclusion, 
namely, that the five tiaiisitions whuh function as the 0115^111 of 
band One, .ind the six tiansitums which function as the oii|^in 
of band Two, must function all toi’cthci as the oiigin of the 


Y 

3700 
<n 

y 3600 
o 

5 3500 

3 
Of 

u. 

z 3300 
o 

3200 

^ 3100 
(0 

° 3000 ^ 

I 23456 78 9 10 11^ 

Absorption Transitions. 

Fuu Q* Naphthalene (Baly and Tnck), 

bioad band Tluee. In othei woids, the vihiations of the entiie 
11 absorption ti.insitions aie syncluonous with liglit waves of 
oscill.ition frequency 3700 

The scheme lelating each of the absot ption bands of naphtha- 
lene to Its possible souice is piesented in tabulai foim as follows 
(the nomenclature i.s identical with th<it employed in the two 
pieceding chapters) : — 





Number of 

IHnd, 

Ougin 

Absorption TranaitiouH 


fnvolveit 


1 * 

5 



6 

3700 

h i ' * 

IX 
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The equation for the stiaight line which lelates the whole 
numbeis, 5, 6, and ii, with the lespective fiequencies 3125 
3220, and 3700, calculated accoidmg to the method of least 
squares, is (y = 95 + 2645*1613) 

In the following table, column A contains the theoielically 
determined whole numbers lepresented by (-r), column B, the 
expeiimentally detei mined oscillation frequencies lepiesentcd by 
(y), column C, the frequencies as calculated fiom the equation 
f - 95 887i.r + 2645 1613 — 


A 

B 

c 

U 

5 

3125 

3124 5968 

+ 0 4032 

6 

3220 

3220 4839 

- 04839 

II 

3700 i 

3699 9 ^ 9 ^ 

-h 0 0806 

i 


Note that the deviations, m column D, of the calculated fiom 
the actual oscillation fiequencies aie each less than one unit, a 
quantity exceedingly smaller than any deviation due to possible 
errors in experimental obseivation These lesults fuithei sub- 
stantiate the hypothesis that the oscillation frequencies of the 
absorption bands of a given compound are functions of the 
number of absorption transitions involved in the systems of 
dynamic equilibria of its electromers 

The bearing of these developments upon the question of 
coloui and constitution is at once appaient since a colouied 
substance is one which exerts strong absoiption within the 
ordinary limits of vision Therefoie the pioposed absorption 
transition hypothesis which mathematically 1 elates absoiption 
and constitution should likewise function as the basis of the ex- 
planation of coloui in relation to constitution 
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IflAJORl'.SCt'NCU IN RKI.ATION TO lOTCCTHONtC l-'ORMUJ ..IC 

SlNi'K il has been pobsible to inlcipiol the abs()i[)lion of light 
in tcims of olectionlc founula; and absoiptiou tiansiliou.s, it 
iiatmally follows that fluoiescence, notably manifchtcd by .such 
compounds as anthiucene and phenanthiene, also may bo intei- 
l>ietod by means ofcloctionic forrauI<x; anil a new tyjie ofcontia- 
plex-diplex ti.msition termed "Jluorc'xcmc transiliot/s'’. 

Since fluoiescence is pi winced only when the incident rays 
contain vibiations which the medium is ca[)ablc of absoibing, it 
follows that the lelation between fluoiescence and absorption is 
''{t> a ceitain extent lecipiocai Not only can absoiption of light 
cause fluoiescence, but fluoiescence in many cases, as shown liy 
J^uike,'“'‘ incieases the intensity of absorption, TIeuce, it is the 
Iiiiiposc of the piesentchaptci to extend the electionic conce[)tion 
of jiositive and negative valences and of contraplex-diplex 
transitions (as pteviously developed and illustiated in relation to 
alxsoiplion spectra in the thiee pieceding chapteis) to the inter- 
prclatioii of the phenomena of fluorescence. In other wouls, the 
rclationsliip between chemical constitution and flumcscouce will 
be consideied fiom the standpoint of the oxisleiice of coatraplox- 
cliplex tuinsitions within the systems of dynamic oguihlnia of 
the elccliomeis of fluoicscent compouiid.s, A comprehension of 
the pioposcd fluorescence hypothesis necessitates, in the first 
place, a brief leview of the foremost theories relating to fluor- 
escence and constitution, 

A. Fluorescence Theories in Relation to the Electronic 
Fluorescence Hypothesis. 

A survey of fluorescent compounds by Rich. Meyer led to 
hi.s " fluorophore ” theoiy which, in its onginal form, saive.s as 
an excellent means of classifying fluoicscent compounds, but it 

«33 
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affoids no explanation of the i elation between chenucal constitu- 
tion and fluoiescence 

As a result of the reseaichcs of J Staik on iiUtaviolet 
fluoiescence, Meyei mveiledhis foimci view that the fliioiophoie 
is the seat of fluoiescence, and both Static and Meyei, have 
concluded that in aiomatic substances t/ie ih'HAme fimleus is the 
earner of fluoj escence, while the fluoiophoies and vaiious sub- 
stituents act so as to bung the fluoioscent vibiations within the 
visible poition of the spcctium The condensation oi ben/.ene 
nuclei accomplishes the same icsult 

The extensive leseaiches of Kauffmann culminating in the 
luminophore and fluoiogen thcoiy also leads to the conclusion 
that in aiomatic compounds the ben/ene nucleus is the seat of 
fluorescence, but this is not evoked until two kinds of groups 
— ^the auxochiome and fluoiogen — have been intioduced into 
certain positions The introduction of the auxochiome excites 
luminescence, thereby indicating the appioaching slate of lluoi- 
escence The subsequent addition of a lurainophoie pcifccts the 
piocess in the production of fluorescence 

Francescom and Bargellini also admit the impoitant l>art 
played in fluorescence by the benzene nucleus. Recognizing that 
the observations of Meyer and Kauffmann aie concerned chiefly 
with visible fluoiescence, they claim that aU arowatic lompoHmh 
are fluorescent and that tits pieinature to attempt to explain the 
action of various substituents. Nevertheless, they classify sub- 
stituents accoiding to then action on the fluoiescence of the 
parent substance Those substituents which inci case the fluoi- 
escence are called ‘‘auxofloies,^' and those which dcpiess it, 
bathoflores 

It IS impoitant to the development of the electionic fluoi- 
escence hypothesis to note that the common point of agiccnient 
in each of the above theoiies is the tendency to i elate the origin 
of fluorescence to the henstene nucleus. 

The relation between tautomeric change and fluoiescence 
was originally embodied in the theory of Wicdemann,^*^® that the 
molecule of a fluorescent substance exists in two forms, one of 
which IS more stable than the other. The stable form absorbs 
the energy of light vibration, and is thereby tiansformed into the 
less stable modification which spontaneously passes back to 
the stable form, emitting the previously absoibed energy as the 
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fluoiesceat light Wiodetnaiin maintained that the two vaiicties 
of substance may be piodnccd by the shifting of an atom within 
the molecule, and that the fluoiesceat light is diiectly due to the 
vibiations in the cthci which aic set up by the motions of this 
atom. 

Hewitt’s theoiy'*' of double symmetiic tautomeiism involves 
the conception of Wiedemann that a fluoiesccnt substance must 
exist m iiitei changeable forms, h'oi instance, anthiacene 
(Fig. 10), anil di-phenylpyi one-sulphate (Fig ii) piesent the 
following changes : — 



In either of the above figuies the molecule (la) passes to (II), 
and then to (If!'), whereupon the piocess is repeated in the leverse 
direction. The molecules ([«) and (I//) aie chemically identical. 
Hewitt likeus these changes to the movements of a swinging 
pendulum. The limiting positions m the amplitude of vibiation 
coriespond to forms (!«•) and (U) while the position ol lest, so 
to speak, is represented by foiin (II). 

It should heio be noted that the changes from one foim to 
another aic accomplished in two distinct ways : (i) In anthracene 
the changes ate <lue solely to a rearrangement of the positions of 
the doable bonds, i.e,, to changes in the duection of valences. 
(3) In di-phenyJpyrone-sulphate, the learrangement of double 
bonds is accompanied by a change in the position of a hydrogen 
atom. The significance of the.se changes fiom an elcctionic 
standpoint will appear m the definition of the teim “ fluoiescence 
transition,” which will be developed in a subsequent paiagiaph. 
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Let it now be lecalled that Wiedemann maintained that 
fluoiescence was due to vibiations set up by the motion 01 the 
wandering of an atom, but Drude has shown that the vibrations 
of the atom itself, or the group of positive elections must corre- 
spond to the infra-red portion of the spectrum, while the periods 
in the visible and ultiaviolet legion aie due to dispeisional 01 
valency electrons Theiefote, the second foim of the substance 
lequiied by Wiedemann’s theory need not be pioduced by the 
movement of an atom, but meiely by the change tn position of an 
electron or valency Since any change m the position of an atom 
IS accompanied by a change in the positions of the double bonds, 
It follows that Hewitt’s examples of double symmetiic tauto- 
meiism given above will fulfil eithei one 01 both of these con- 
ditions 

From this brief leview of the foiemost fluoiescence theoues, 
the following conclusions may be drawn , — 

(1) The oiigm of fluorescence in aiomatic compounds is 1 elated 
m some way to the benzene nucleus 

(2) Physico-chemical evidence shows that the affinities of the 
benzene nucleus aie in a state of continual oscillation 

(3) Physical theoues require the piesence of mobile negative 
electrons or valencies in the molecules of fluorescent compounds 

Therefore, any hypothesis which may be designed to expiess 
the relationship between chemical constitution and fluorescence 
must correlate these three conclusions 

B. Fluorescence Transitions. 

In the preceding chapteis it has been shown that absoiplion 
of light IS due to the existence of contraplex-diplex tiansitions 
within the systems of phasotiopic equihbiia of the various elec- 
tiomers of a given compound These electronic syi,tenis of phaso- 
tropic equilibria also serve as examples of double symmetiic 
tautomerism Now note that any compound which contains a 
benzene nucleus (or condensed benzene nuclei) when considered 
from the standpoint of the electronic conception of positive and 
negative valence, will involve contiaplex-diplex or absoiption 
tiansitions within the primary and secondary systems of phaso- 
tropic equilibria of its electromers, and consequently must mani- 
fest one or more absorption bands m its spectium. Now since 
fluorescence is produced only when the incident rays contain 
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vibiations which the incclium is capable of absoibing, it natuially 
followb that the function of the beiueuc nucleus in nuoiesccnt 
compountls is to make possible the .ibsoiption of he^ht as the 
lesult of the existence of contuipIex-(h[)Iex tiansitions. Thus 
the three conditions noted above aie coueUted, and an explana- 
tionofthe factoi of absoiption in the phenomenon of fluoiescence 
IS theicby affoidcd 

The various thcoiies on riuoicsccnce and chemical constitu- 
tion have failed to ex[)lain the lactoi of absorption in connection 
with the lelatious between the w,ive-lenf^ths of the absoibed and 
the fluoicscent 01 emitted !t has been shown thiii incident 

light of a given wavedength may excite a fluoiescence consisting 
of seveial diffeient lays, and, conveisely, a given lay in the 
fluorescent spcctium may couespond to absoibed light of diffeient 
wave-lengths. JIow aie these facts to be mteipicted m tcims of 
contiaplcK-diplox tiansitions? In othci woitls, what conditions 
*m the making and bieaking 01 RMii«ingeinent of contiaplcx and 
of dlplex double bonds could be assumed to cause the emission 
of light of an oscillation fiecpieucy diffeient fiom that which is 
absoibed {* An aiRwei to this (juestion may be found in the 
following definitions of two possible types (I and II) of con- 
tiaplex-diplex tiansitions. 

Let and Ay ropioseut two electiomeis of a given compound 
in phasotiopic equiHbuum with one another Also, let and 
be the number of diplex double bonds, and q and be the 
number of contiai^lcx double bonds in A^ and Ay lespectively. 
Now if d^ Jtnd q o,, then in the cciuilibuum A^ Ay Iheie 
would be no coutraplex-diplcx transitions, hence neither absoip- 
tion of light nor fluoiescence. On the othei hand, if d^ is 
unequal to or if q is unequal U) i c., d^ f ^ 4 , 01 q 

theie would result two types (L and 1 1 .) of coutiaplex-diplcx 
transitions in the eqiulibilum A^ Ay. 

Type L When d^ ^ i,, and q r/y the cquihbnmn A^ Ay 
would involve contraplexRltplex transitions in which the number 
of diplex double bonds in one elcctromer is equal to the number 
of contraplcx double bonds in the other electromoL In other 
words the number of diplex bonds in one elcctromer is balanced 
by an ecjual number of contiaplex bonds in the other electromer 
Such a condition, fully descubed and exemplified in ptccedmg 
chapters, constitutes the origin of a absorption band, that is the 
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absoiption of light of a definite oscillation fie(|uency syuchionons 
With the late of tiansition fiom the one electiomci to the other. 
For convenience miefeience, contraplex-cliplex: tiansitions of this 
type have been and will be teimed absoiption tiansitions'’ 

Type II When =j= q, 01 q the equilibiium 
will involve contiaplex-diplex transitions in which oithci the 
number of diplex double bonds of the one clectiomei is 
unequal to the numbei of contiaplex double bonds of the other 
electiomei, or vice veisa Such a condition could be pioductive 
of two results simultaneously (i) The absoiption of light of a 
given frequency since some of the diplex 01 contraplcx bonds of 
the one electiomer are in eqiulibuum with, 01 aie balanced by, 
an equal number of contiaplex 01 diplex bonds, lespcctively, m 
the other electiomer (2) The existence of a lesidual numbei of 
unbalanced double bonds which do not function in the absoiption 
of light, must function m the emission of light of a ficqucncy 
different fiom that which is absoibed, hence fluorescence/ 
Conti aplex-diplex tiansitions of this type (II.) will be teimed 
fluoiescence tiansitions 

The seveial conditions desciibed above may be summauzed 
as follows — 

When q = q, and = rfg, the tiansition A^^ A^ causes 
neither absorption nor fluoiescence 

When q =j= q, or d^2) types (I and II.) of contiaplex- 
diplex transitions aie possible 

Type L When d^ = q and q « 4, tiansition A^ ^ Ay 
produces absorption only, 

Type II When d^ or q 4* tiansition A^^A^ 

occasions simultaneously, (i) absorption, and (2) emisMon of 
light, hence fluoiescence 

A general hypothesis may now be stated, namely, that a 
stance manifests fluorescence whenever within the sfj>ten/s ofd)maviu 
equilibria of its electronzers the number of diplex double bonds under-* 
going rearrangement is unequal to the number of contraplex double 
bonds simultaneously undergoing rearrangement 

From the method of its development it is evident that this 
hypothesis embodies the fundamental features of each of the previ-* 
ously noted theories. It will now be extended to the dynamic 
formulae and fluorescent spectra of anthracene and phenanthiene 
vapours. 



FLUORESCFNCh IN RELATION TO FORMULAE 339 

C. Fluorescent Spectra of Anthracene and Phenanthrene. 

EKtoii'" hrib mjcle an exhaustive study of the fluoicscent 
and absoii)tion s[)cctia of anthiacene and phenanthienc vapours 
and states that " the fluoiescent spectiuin of anthiacene vapoius 
consists of thiee hiight bands at 390, 415, and 433 ytt/i. supei posed 
upon a continuous legion extending fiom 365 to 470 yu,//, Theie 
IS no evidence of lines When the lluoiescont spectium of puie 

phenanthienc vapoui was photogiaphcd, it was found to consist 
of the same bands as that of anthiacene, but with an additional 
band at 360 Elston then concludes that “theie is an 

intimate connection between the fluoiescence of the vapouis of 
the two isomeiic substances, undoubtedly due to theii common 
chemical composition (Cj, 11 and sirailai stiuctuial composition 
Just what gives use to the extia band in the fluoiescent 
spectium of phenanlhiene is not apparent" 

Elston IS undoubtedly coriect in stating that theie is an 
intimate connection between the fluoiescence of the vapouis of 
the two substances but this cannot he attiibuted entiiely to their 
siinilai stiuctui.vl composition. While anthiacene and phenan- 
thiene each consists of thiee condensed benzene nuclei the 
position of the cential nucleu.s m each foimula lendeis them 
dissimilai A glance at the relative positions of caibon atoms 
9 and 10 in Ciich of the following foimuLe makes evident the 
diffeiencc in stiucture : — 



Anthracene and phenanlhiene have thicc fluoiescence bands 
in common. Elston states that the cause of the exli a fluoiescence 
band m the phenanthrene spectium is not appaient. Now since 
these compounds aie dissimilar in structure, it is natuial to 
assume that the existence of the extia band is related m some 
way to this difference in structure. Hence in the application of 
the electionic conception of positive and negative valences to 
the constituent atoms of anthracene and phenanthrene, the 
purpose of the present chapter becomes thieefold : — > 
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(1) To show that within the systems of dynamic cciuilibiiti 
of the electromeis of anthracene and pheiunthicnc Ihcic ueccssauly 
exist fluorescence Oamitions. 

(2) To account for the existence of the extia baud m the 
fluoiescent spectium of phenanthiene vapoui 

(3) To show that the oscillation fiequencies of the fliioiescence 
bands of anthracene and phenanthiene may be refiicscntcd as 
lineal functions of the numbeis of fluoiescence tiansitions occuiung 
within the lespective systems of dynamic eiinilibiia of Ihcu elec- 
tromei s 

The method of developing the electionic foimuLe of benzene 
and naphthalene by symmetrically co-oidmatuig cailxm atoms 
of types I and V , II and IV, and III, and HI , has been applied 
to the constituent atoms of anthiacenc and phenanthiene. Two 
and only two centric electiomeis (A and B) of each of these 
compounds are deuved. They aie lepiesented m Figs 12 and 
13 respectively 




Fig 13 


In each of the above figures the centric electromers (A) arc 
composed of carbon atoms of the types I. and V while the 
centric electromers (B) embrace in then structure carbon atoms 
of the types II., III., and IV 
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D, Systems of Dynamic Equilibria of the Electromers of 
Anthracene. 

A complete scheme of the seveial systems of dynamic equi- 
hbiia of the electiomeis of anthiacene is piesented in Fig 14 

Each electronic foimula is the plane pi ejection of a space 
foimula The centric elcctiomer A is the inteimediate phase 
between the four possible phasotropic electromeis, A^ A^^ A^^S 
and hP By means of cenliic leaiiangement A is conveitible 
into B In turn, B functions as the inteimediate phase between 
B^BI^ B^^^and 

The electiomeis of anthracene may be ai ranged into gioups 
depending upon their lespective symmetiy and the number and 
kind of double bonds existing in their structure, thus — 

N , An , each possessing 7 diplex double bonds , abbievialion (7d ) 

Ani,Aiv, ,, ,, 7 diplex double bonds , abbreviation {7d) 

Bn, ,, „ 7 contraplex double bonds , abbieviation (7c) 

Bin , Biv , „ ,, 6 contraplex and i diplex bonds, abbieviation {6c , id ) 

The piimary and secondaiy systems of phasotiopic equilibria 
which involve absoiption and fluorescence tiansitions are in- 
cluded in the following table. (Note that the absoiption transi- 
tions, such as A ^ B and A B B^'’^ aie 

followed by a single asteiisk The fluoiescence tiansitions, such 
as A^ A ^ B B”^ and B” B ^ B'^'' involving the elec- 
tromers B“' and B^^, aic followed by a double asteiisk (**).) 


(7C-) 


Primary Systems 
Bi — B—BHi 
Bi -B~Biv 

Bn B— Bni 

Bn^B—Biv 


(6c., id ) 


{7d.) 


Secondary Systems 
Ai --A—B—Bi 
Al 

Air ^A— B— Bi 
An ^A'-^B— Bn 


w 


(7C.) 


(7d.) 


Ai — A — 13 — Bin ** 
Ai — -a— B— Biv ** 
All. —A— B— B ui •» 
All _a_B— B iv ** 


(6c., id.) 


(7a.) 


Am. — A— B — B i 
A m — A— B— Bii 
Aiv.— A— B— B i 
A, V.— A~B— Bii. 


* (7*^ ) 


# 


(7d-) 


Am— A— B— Bin. *♦ 
Am — A— B— Biv ♦» 
Aiv— A— B— Bin ** 
Aiv._A— B— Biv •* 
16 


(6c., id ) 
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There aic twelve fluoiescence liausilions. within the complete 
sybtem of clyn.iniic eipiilibiia of the olectiomeit, of anthiacene 

E. Systems of Dynamic Equilibria of the Electromers of 
Phenanthrene. 

A complete scheme of the sevei.il electiomeit, of ])henantlnene 
m dynamic equilibiia is piesciited in i<'uj 15 

The centiic clectiomei A is the mtei mediate phase between 
the five possible phasotiopic electioiucis A', A”, A"*, , and 

A"'^ By means of ccntiic leaiiangemcnt A is conveitible into 
B which functions a.s the intei mediate phase between the elec- 
tiomeis B', B“, B’"-, B'^', and B^ 

The electi omens of phenanthiene may also be aiianged into 
gioups depending upon their lespective symmctiy and the number 
and kind of double bonds in then sfiuctme, thus. — 


Ai , An , each possessing 7 diplex double bonds , .ibbicvialion 

Ain.Aiv, „ „ 7 „ 

Av „ 7 „ „ ,, „ 


B', Hn, 

IjnijlJiv, „ 

Bv 


7 coiitiaples „ „ 

i) ,, and r diplex bond, 

5 1 . >. •> bonds, 


(7d-) 
(7<1) 
(7d) 
(7C) 
(Gu, id ) 
(5C , 2d.) 


It should be obseived that an electiomci of the type B^ con- 
taining five contiaplex and twodiplex double bonds is not to be 
found among the electiomci s of anthiacene. Hence the existence 
of and B'' in the phenanthiene system selves to distinguish 
it fiom the anthiacene system, and fuitheimoie must bear some 
1 elation to the additional fluoiescence band in the spectium of 
phenanthiene vapour. 

The pmnaiy and .secondary systems of phasotiopic cqiuhbiia 
involving absorption and fluorescence tiansitions aie included m 
the following table : — 


Ihinmty Hystemn 


{70-) 


Hi H -Hm 

Ui, . -H—lJiv ** I 

im ™I3 »* f 


(oc., iti) 


(7c.) I 

(Ou, xd.) I 


Bt, 

Bn 

Bv. 


K#!’ (s®*! ^^0 


Hecondary Systems, 


(74) i 


rAi* 

Au 

At 


lAii* 


_A-^B— Bn. 


(7C*) 


16 
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(7cl) 


( Ani —A— B— Bi 
Aiv — A— B— Bi 
Am —A— B— Bn 
Aiv B— Bn 


(7c) 


(7<I) { 


Av _A— 

Av — A—B— Bn 


4 (7") 


(7ci) 


■Ai ^A—B—Bin 
An -A— B— Bm ** 
Ai ---a— B~-Biv r 

An —A— B— Biv 


(6c , id ) 


(7c3) 


'Am —A*— B— Bin 
Ain-^A—B— Biv 
Aiv— A—B—Bni 
Aiv-^A— B— Bi 


(6c , id ) 


/»ri\ /Av.—A— B— Bin 

lAv — A— B-— Biv ) 

\ /Ai — a— B~-Bv . 

I An -_A~~B— Bv '^*J ( 5 C» 2 d) 


, - /Ani~.A-~.B~~Bv 

( 7 * 1 ) Iaiv—A—B— B v (5<2»2d) 

(7d.) { Av ~a~B^Bv } (5c , 2d ) 


Theie aie twenty- three fluorescence tiansitions within the 
system of dynamic equilibria of theelectromeis of pheiianthrene, 
that IS, eleven moie than are to be found m the anthracene 
system This additional number of eleven transitions is made 
possible through the existence of the electromers and 

The fiist puipose of this chapter, namely, to demonstrate 
the existence of fluoiescence transitions within the systems of 
phasotiopic equilibria of the electromers of anthiacene and 
phenanthrene, i$ realized in the pieceding schemes of dynamic 
equilibria and tabulations thereof 

The second purpose, namely, to account for the existence of 
the extia band in the fluorescent spectium of phenanthiene 
vapour, IS realized in the existence of theelectiomers and 
of the phenanthiene system. Electromei , containing 5 contra- 
plex and 2 diplex double bonds is a type which is not known 
in the anthracene system The existence of A'^^ and makes 
possible eleven moie fluorescence tiansitions m the phenanthrene 
system than m the anthracene system Hence these conditions, 
peculiar to the phenanthrene system, may naturally be assumed 
to constitute the explanation of the additional fluorescence band 
in the phenanthrene spectrum 
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F, The Correlation of Oscillation Frequencies of Fluor- 
escence Bands and Fluorescence Transitions. 

It now remains to be shown that the oscillation fiequencies 
of the fluorescence bands of anthiacene and phenanthiene may 
be represented as Imeai functions of the numbeis of fluoiescence 
tiansitions occuirmg m the systems of dynamic equilibria of their 
electromeis The existence of such a lelationship is to be ex- 
pected since the oscillation frequencies of the absorption bands 
of benzene, chloio- and bromo-benzene and of naphthalene 
have been repiesented as linear functions of the numbers of 
absoiption transitions occunmg within the systems of equilibria 
of their electromeis This relationship found expression in the 
equation for a straight line, jj/ = + 5 , in which is the oscilla- 

tion frequency and x the number of absorption tiansitions 

The oscillation frequencies of the fluorescence bands of 
anthracene and phenanthiene have been calculated from the 
values foi the wave-lengths as determined by Elston and aie 
embodied in the following table — 



Anthracene 

Phenanthrene 

A 

I /A 

A 

I /A 

Band One 

433 fXfl 

233:5 

432 

2315 


415 

2410 

415 fj.fl 

24 10 

,, Three 

390 fXfl 

2564 

390 fifx 

3564 

,, Four 



360 iij.f1 

2778 


The values for bands One, Two, and Three are identical for 
anthracene and phenaiithrene 

Heretofore the supposition has been made that all of the 
absoiption transitions within a given system were synchronous 
with the light waves of highest oscillation frequency. Accord- 
ingly it may now be assumed that the maximum numbei of 
fluorescence transitions, namely, twelve m the anthracene system 
and twenty-thiee in the phenaiithrene system, are respectively in- 
volved in the pioduction of the anthracene fluorescence band Three 
(frequency 2564) and the phenanthrene fluorescence band Four 
(frequency 2778) How are the numbers of fluorescence transi- 
tions corresponding to, and functioning as the origin of, the 
oscillation frequencies of the remaining fluoiescence bands of 
anthracene and phenanthrene to be determined? 


FLUORESCENCE IN RELATION TO FORMULAS 247 

In the following Fig 16, the oscillation fiequencies aie 
indicated on the Y-axis and the numbeis of fluorescence transi- 
tions on the X-axis 



Fluorescence Transitions. 


Fig i 6» — Anthracene — . Phenanthrene 

An examination of the tabulated groups of transitions of the 
anthiacene system shows that four (4) is the smallest number of 
fluorescence tiansjtions compiising a gioup. If the vibrations 
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of foul such transitions are assumed to be synchronous with the 
lowest oscillation fiequency (231 5) of the anthiacene lluorescence 
band One, and the vibiations of the maximum number of twelve 
tiansitions be synchionous with the highest oscillation fiequency 
(2564) of anthiacene fluoiescence band Three, the points (4, 2315) 
and (12, 2564) will deteimme the diiection of a stiaight line 
Now note that this straight line intersects the perpendicular 
from the frequency value 2410, of band Two of anthracene, at a 
point which has a coriesponding value on the X-axis equal to 
the whole number (7) Hence the oscillation frequencies 2315, 
2410, and 2564, of the thiee fluoiescence bands of anthracene 
may be repiesented as a linear function of the numbers of fluoi- 
escence transitions, 4, 7, and 1 2, respectively. The equation foi 
the stiaight line which most nearly con elates these numbers 
with the corresponding fiequencies, as determined by the method 
of least squares is — 

j/ = 31 0918;!; + 2191 2959 

in which j/ is the oscillation fiequency of a given fluoiescence 
band and .r the number of fluoiescence transitions functioning 
as Its origin 

Does a similar relationship exist between the oscillation 
fiequencies of the fluoiescence bands of phenanthiene and a 
series of whole numbers of fluorescence transitions? Since the 
frequencies of the bands One, Two, Thiee, aie identical for both 
anthracene and phenanthrene, it would natuially follow that the 
several whole numbers corresponding to the frequencies of the 
three bands of phenanthrene should diffei by a constant quantity 
from the numbers 4, 7, and 12, which correspond to the 
frequencies of the three fluorescence bands of anthiacene Such 
a relationship could only be fulfilled when the expression for the 
linear function takes the foim of an equation foi a straiglit line 
parallel to the line for anthracene In other words, the anthracene 
and phenanthrene lines must be parallel. 

It has already been assumed that the twenty-thiee fluorescence 
transitions of the phenanthrene system correspond to the oscilla- 
tion frequency 2778 of the phenanthrene fluorescence band Four. 
Now if a straight line be drawn through the point (23, 2778), 
parallel to the anthracene line (Fig 16) it is lemarkable that it 
practically intersects the perpendiculars from the frequency values 
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tile Y-sxis points wliicli have a coi responding value on 
the X-axis equal to the whole numbeis 8, ii, and i6 In other 
woidb, the oscillation fiequencies, 2315, 24 10, 2564, and 2778, 
of the phenanthiene fluorescence bands may be represented as 
a lineal function of the numbers of fluorescence transitions, 
8, II, 16, and 23, respectively The equation for the stiaight 
line which correlates these numbers with the coiresponding fre- 
quencies, as detei mined by the method of least squaies, is 

y = 3082552? + 20697790, 

in which y IS the oscillation ficquency of a given band, and 2?, 
the numbei of fluorescence transitions functioning as its origin 
The deviations of the calculated 01 theoietical values from 
the experimentally detei mined values of the oscillation fiequencies 
of the fluorescence bands of anthiacene and phenanthiene aie 
embodied in the following tables — 


Anthracene y = 31 ogi8 ^ + 2191 2959 


A 

B 

C 

D 

4 

2315 

2315 663 

+ 0 663 

7 

-JrjIO 

2408 938 

- I 061 

12 

2564 

256^ 397 

+ 0397 


Phenanthiene ‘ ^ 30 8255 V + 2069 7790 


A 

B, 

c ' 

D 

8 

2315 

23x6 ’38 3 

+ I 383 

11 

2410 

2408 859 

- 1*141 

16 

2564 

2562 987 

- I 013 

23 

2778 

2778765 

1 0765 


In the above tables columns (A) contain the theoretically 
detei mined numbeis of fluorescence transitions lepiesented by 
(x) in the linear equations for anthiacene and phenanthrene , 
columns (B), the expeiimcntally detei mined oscillation fre- 
quencies of the fluoiescence bands represented by(y), columns 

(C) , the fiequencies as calculated from the anthracene and 
phenanthrene equations. Note that the deviations, m columns 

(D) , of the calculated from the actual oscillation fiequencies are 
so small that they may be attiibuted to errors in experimental 
pbsetvation, 
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These lesults substantiate the hypothesis that the oscillation 
fiequencies of the fluoiescence bands of both anthiacene and 
phenanthiene may be lepiesented as linear functions of the 
numbeis of fluoiescence tiansitions involved in the systems of 
dynamic equilibiia of their respective electiomers This fulfils 
the thud object of the piescnt chapter 

It may now be of interest to compaie Elston’s electionic 
explanation of the fluorescent spectia of anthracene and phen- 
anthrene with the hypothesis of fluorescence transitions Elston 
states that if we assume fluoiescence to be produced by a system 
of elections within the molecule, then, m oidei to account for 
the fluoiescent spectrum of anthiacene (or phenanthrene) vapour 
consisting of seveial bands supei posed upon a continuous 
spectrum, we may consider either (i) that the elections coi re- 
sponding m period to the several bands aie more numerous than 
those which give use to the weaker continuous parts of the 
fluorescence, oi (2) that the former aie set in moie violent vibra- 
tion It may also be assumed (3) that the system of elections 
is so intimately connected in its parts that, when distmbed by 
the exciting light m any manner, all of the elections in the 
system aie set m vibiation If the disturbance of the system 
takes place thiough an intermediary ‘Mummophoie ” then this 
luminophoie undoubtedly consists of a connected system of 
electrons whose periods correspond to those of the absorption 
spectium of the vapour 

The pioposed hypothesis of absoiption and fluorescence tiaii- 
sitions does away with the assumption of the “ luminophoie” 01 
any other group of atoms, as the cause of fluorescence, and in its 
place presents a definite picture of the manner m which a system 
of electrons within the moleculai structure of oiganic compounds 
may function so as to produce not only the absorption, but also 
the emission of light All of the several systems of electrons 
01 electiomers aie intimately connected through the centric 
electro mer and centric rearrangements If the system of elccti ons 
in a centiic electromer be disturbed by the exciting light, pliaso- 
tiopic electromeis are foimed and thereby make possible the 
systems of dynamic equilibria which involve absorption and 
fluorescence transitions The existence of certain groups of 
transitions, the vibrations of which are synchronous with light 
waives of a definite oscillation frequency, constitutes the origin of 
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absolption and fluoiescence bands, the oscillation frequencies of 
which may be lepiesented as lineai functions of the numbers of 
absorption and fluoiescence transitions lespeciively involved in 
then pioduction 

G. Other Interpretations by Means of Absorption and 
Fluorescence Transitions. 

Olhei phenomena may be inteipieted by the hypothesis of 
absoiption and fluorescence tiansitions Staik and Meyer 
have observed that foi numeious benzene deiivatives the legions 
of absoiption he adjacent to or overlap the legions of fluoiescence 
Nichols and Meirit^*^^ also note that the broad continuous bands 
of fluoiescent substances are always associated with a bioad ab- 
sorption band usually ovei lapping the fluorescence band on the 
side towaid the violet, and that the absoiption spectrum of the 
uranyl salts consists of a series of bands precisely similar, as 
regards their airangement and numbei, to the bands of the 
fluorescence spectium In the fluoiescent spectrum of anthracene 
Elston observes that the bands are superposed upon a continuous 
region extending fiom 365^/^ to 470/^//,, while the absorption 
spectrum extends continuously from about ^oOjMfjb to some point 
beyond Z 2 ^fjbfM This lelationship between the regions of ab- 
soiption and fluorescence may leadily be explained by the hy- 
pothesis of absoiption and fluorescence tiansitions fiom two 
standpoints (i) A fluorescence tiansition, as pi eviously defined, 
occasions absoiption as well as the emission of light (2) A 
given type of electromer may often function both m an absoip- 
tion transition, and in a fluoiescence tiansition as is apparent m 
the tabulations of transitions on pages 24 1 and 243. Consequently 
the periods of vibration of these related absorption and fluor- 
escence transitions must likewise be 1 elated This phase of the 
subject merits furthei investigation and development 

Finally, the relationship between fluoiescence and phosphoi- 
escence, or luminescence, should be biicfly considered Wood 
states that a satisfactory Ihcoiy of fluorescence must fulfil 
three lequirements (i) It must distinguish between media 
which fluoresce, and those which do not It must explain (2) 
the change in wave-length, and (3) the increase in duration of 
the emission, which is the phenomenon of phosphorescence. 
Wood further states that at present there is no satisfactory theory 
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of fluorescence The first two requirements of a satisfactory 
theory have been fulfilled in the development and application of 
the hypothesis of absorption and fluorescence transitions The 
third requirement, namely, the explanation of phosphorescence 
may also be interpreted in terms of fluorescence transitions on 
the generally accepted assumption that the energy of the absorbed 
light IS stored in the substance in the form of potential energy 
of the atoms Now when the exciting source of light is removed, 
this potential energy, in order to be retransfoimed into radiant 
energy, causes a change in the positions of the electrons in the 
centric electromer A disturbance of the condition of equili- 
brium in a centric electromer causes it to pass into its phasotropic 
electiomers, and thereby a system of dynamic equilibiium is 
established which will involve fluorescence transitions In other 
words, when the exciting source of light is withdrawn there is a 
continuation of the emission of light from the substance due to 
the persistence of fluorescence transitions which serve as the 
medium through which the potential energy of the absorbed light 
IS transformed into fluorescent light 

A tentative explanation of the phosphorescence of mineral salts 
may also be given in terms of fluorescence transitions It has 
been shown by several investigators that the action of ultra- 
violet light upon mineial salts causes dissociation and it has 
been assumed that after removal of the substance from the 
exciting source, phosphorescence is produced as the result of 
the recombination of the previously dissociated radicals Now 

+ “* 

dissociation of a salt, MX, either into its ions M and X, or 
molecularly into M and X, cannot occur unless there be a dis- 
turbance of the relative positions of the electrons and systems 
of electrons which constitute the radicals M and X (see p 153) 
Hence the assumption may be made that the return to the un- 
dissociated condition, MX, is accompanied by changes which 
correspond in some way to fluorescence transitions 

While it is possible to give a definite picture of the rearrange- 
ments of valence electrons taking place within the molecules of 
such compounds as benzene, naphthalene, anthracene, and phen- 
anthrene, it is not yet possible to extend the picture to the 
systems of electrons within an atom The constitution of the 
atom is yet quite an enigma, Therefore it is probable that the 
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knowledge of the lelationship between absoiption and fluoiescencc 
phenomena and chemical constitution will be advanced chiefly 
through the study of the dynamic equillbiia of the electiomers 
of vaiious oiganic and inoiganic compounds The absorption 
transition and fluoiescence tiansition hypotheses cannot be ap- 
plied to the atoms of elements because their elcctionic foimulaj 
or stiucture is as yet unknown. Peihaps a study of the absorption 
and fluoiescent spectia of the elements fiom the point of view 
of the numbers of contiaplex-diplex tiansitions which possibly 
function as the origin of the absoiption and fluoiescence bands 
may shed some light upon the pioblem of the electionic con- 
stitution of the atom 




PART IV. 


METAL-AMMINES, BIBLIOGRAPHICAL REVIEAV AI 
GENERAL CONCLUSIONS 



CHAPTER XXII 

THE CONSTITUTION OF THE METAL AMMINE& 

A The Status of the Problem. 

The foremost pioblem of the oiganic chemist is generally con- 
ceded to be that of the constitution of benzene and substitution 
in the benzene nucleus Anothei perplexing pioblem, of lesser 
impoitance, but of equal interest, paiticiilarly to the inoiganic 
chemist, is that of the constitution of molecular compounds, 
notably the me tal-am mines 

J W Melloi states that “ the attempt to distinguish 
molecular fiom atomic compounds, by stiuctural foimulae based 
upon oidinaiy valencies deduced fiom the manifestations of the 
simple atomic compounds has not been successful The 
significance of this statement is fully realized aftei one has 
attempted to comprehend and to coi relate the vatious theories 
that have been proposed to explain the constitution of the 
metal-ammines Stewart’’^® has piesented a ciitical review of 
the foiemost theories (as applied to the cobalt-ammines) notably 
those of Blomstiand, Jorgensen, Weiner, Friend, Bakei, and 
Ramsay. Hence a compiehensive leview of these theoiies will 
not be attempted Stewart also concludes that the whole question 
of the constitution of the metal-ammines is at piescnt in a veiy 
unsettled condition 

On the othei hand, Sn William Ramsay maintains that 
no theory of valency would be acceptable if it did not attempt to 
assign structuial foimulm to the metal-ammme compounds and 
to coiielate their properties with then formulae. Hence it is 
the pin pose of the present chaptei to attempt to apply the 
electronic conception of positive and negative valence as developed 
in this monograph to the constitution of the chief metal-ammines, 
namely, the platinous-ammonia, the platinic-ammonia, and the 
cobaltic-ammonla compounds. 

It should be noted here that the theoiies of Friend and 

357 17 
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Ramsay, and a later scheme of Nelson and Falk'^^^^ aie based 
upon the election theory Fiiend's system of foimulation fails 
m its extension to the hexammine compounds since theie is no 
valence to bind the hexatomic ring of six ammonia molecules 
to the lemainmg atoms of the compound molecule which aie 
left suspended in space, so to speak In Ramsay^s electronic 
formulae the ammonia molecules aie singly bound to the cential 
metal atom by a double bond of the contraplex type, i e , the 
nitrogen atom of ammonia simultaneously gives to and receives 
from the metal atom an electron This is the bunging into 
play of the so-called latent valency of Friend, identical with the 
neutral affinity of Spiegel and the electrical double valence of 
Arrhenius Fuither, in Ramsay’s electronic formulae an lonizable 
atom 01 radical is attached to the nitiogen atom of an ammonia 
molecule which nitiogen atom is then bound by a single valence 
to the cential or nuclear metal atom This lonizable radical 
functions negatively Nelson and Falk base their foimulse on 
the Weiner co-ordmation types There aic no new conceptions 
in the Nelson and Falk method of assigning electronic foimulse 
to the metal-ammines The ammonia molecules and the loniz- 
able radicals are united according to Ramsay’s ideas 

In the present application of the electionic conception of 
valence to the constituent atoms of the metabammines, the Wernei 
co-ordination foimulse and the various kinds of valency postulated 
and embodied therein, will not be consideied The chief leason 
for the rejection of the Werner co-ordination foi mulae is due to the 
fact that the Werner- Jofgensen contioveisy, which extended ovei 
a peiiod of eight years, has demonstiated that little can be gained 
by the wide departuies of Wernei from the old and well-tiicd 
system of valency as developed in relation to oiganic chemistiy 
Therefore, in the present chapter, the electronic conception of 
valence will be applied only to such stiuctural foimulm foi the 
metal-ammines as are in harmony with the principles of valency 
commonly employed in the wilting of the structural formulae 
of carbon compounds 

The structural and electionic formulae heiewith pioposed will 
be derived through (i) the development of a few simple rules 
relative to the distiibution of the positive and negative valences, 
and (2) the application of these rules to the empirical formulae of 
the typical metal-ammines To this end, the rational names and 
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the empuical foimula; of the three foremost groups of metal- 
ammmes will be tabulated as follows (A) the platinous-, (B) the 
cobaltic-, and (C) the platinic-ammoma compounds. 

TABLE A 

Platinous-Ammonia Compounds 

Rational Name Empirical Formula 

1 Tctrammine-platmous salts . . , [Pt(NHJJX^ 

2 Tuammme-platinoiis salts * [Pt(NH^)Jx]X 

3 Diammine-plaUnoub compounds* . [Pt(NIig),X2] (two isomers) 


TABLE B 

CoBALUc- A mmonia Compounds 

1 PI exammine-cobal tic salts , [Co{NIij)g]Xq 

2 Pentammme-cobaltic salts . , [Co(NPl3)gX]X2 

3, Tetrammme-cobaltic salts , [Co(NHJ4X2]X (two isomers) 

4 Triammme-cobaltic compound , [Co(NHj)3X“,] 


TABLE C 


Plat inic-Ammonia Compounds 


1 Ilcxammine-platimc salts 

2 Pentammaic-platinic salts 

3 Tetrammme-platmic saltb 
i\ Tiuimmme-platimc salts 

5 Diaramme-pKitimc compounds 


[Pt(NH,),]X4 

[Pt(NII,)gX]X, 

Ixj 


[Pt(NPI,: 

[Pt(NH3: 


(unknown) 
(two isomers) 


In comieclion with the typical empirical foimulse noted in 
the above tables, it should be recalled that X, when located 
imtlmi the brackets, may lepresent a halogen atom, chlorine or 
biomine; a univalent ladical, or a molecule of water or of 
halogen acid (HX), eithei of which molecules functions in the 
foimula presumably in the same manner as does a molecule of 
ammonia. On the other hand, when X is outside the brackets it 
functions negatively as a univalent lonizable atom or radical 
Fiom this it is also evident that the complex ladical, i e, that 
pait of the compound embodied within the brackets, functions 
positively as a univalent, a bivalent, a tervaleiit, or quadrivalent 
radical or ion according as the number of the univalent negative 
atoms of X outside the biackets is respectively X, X^j, Xg, 
01 X,^. 

B. Fundamental Principles Pertinent to the Electronic 
Formulae of the etal-Ammines 

A suivey of the three groups (A, F, and C) of metal-ammonia 
compounds reveals two lemarkable relationships which constitute 
the basis for dehnite rules to be employed later in writing the 
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electronic foimute of metal-ammines. Relative to the develop- 
ment of the first relationship, note that in Table A theie are 
three classes of platinous-ammonia compounds. In platmous 
compounds, platinum is bivalent In Table B there are four 
classes of cobaltic-ammonia compounds In cobaltic compounds, 
cobalt IS tervalent Lastly, in Table C, there five classes of 
platinic-ammonia compounds. In platinic compounds, platinum 
IS quadrivalent In other woids, when the valence of the metal 
atom of the metal-ammonia compound is («), then there are 
{ii + i) classes of metal-ammines In this connection recall 
the electronic valence lule previously developed and illustrated, 
namely, that when the valence of an atom is (w), that atom 
may function in electronic formula according to {n + i) 
electronic types The existence of this remaikable relation- 
ship between the numbers of classes of metal-ammines and the 
electronic valence rule leads to the immediate conclusion that 
the number of (.lasses of the metal-ammines of a given metal is re- 
lated directly to the number of the electronic types m which said 
metal atom may function More specifically, the three classes of 
platinous-araraoma compounds noted in Table A correspond to 
the three electronic types — 

Pt + , Pt - , and Pt “ 

The four classes of cobaltic-ammonia compounds of Table B 
correspond to the four electronic types . — 

+ + + — 

Co "H" f Co "t* ) Co ) and Co “ 

+ •*" “** “ 

'Lastly, the five classes of platimc-ammonia compounds of Table C 
correspond to the five electronic types — 

+ -h + + 

PtTi Ptl", Pt+, Pt", and Ft" 

"T* *r ” ~ "" 

The second relationship is based upon the fact that some of 
the metal-ammines display lonogen properties while others do 
not. A definite correlation between the electronic type of the 
metal atom and the number of lonizable atoms or radicals (X) 
which exist m the compound is found in the fact that the number 
of positive valences of the metal atom is equal to the number of the 
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negative mn^bl^ gyoHps {X) This piinciple makes it possible 
to relate a pariiculai electionic type of the metal atom to a cone- 
sponding type of a melal-ammme. Foi example, m the 
platinous-ammme gioup, the tetiammme and the tnammine salts 
display lespectively two aad one dissociable negative radicals (X) 
These numbers are equal to the numbeis of positive valences of 
the metal atom, namely, tivo and 071B, which cot respond icspectively, 

4 I 

to the electronic types Pt -l- and Pt - . In this connection the 
diammme platmous compound displays no lonogen propeities 
and, accoidingly, its platinum atom, having no positive valences, 

confoims to the electiomc type Pt - 

In the same mannei, and accoiding to the same piinciple, 
the foui groups of cobaltic-ammmes which display three, two, 
one, and no lonizable negative ladicals, embody lespectively 
cobalt atoms of the electionic types, 

Co -H , Co -H , Co - , and Co >- 

In other words, the fuinibe) of negative ioniMhle atoms or radicals 
of the metaFanwnne is equal to the number of positive valences of 
the metal atom of the mcial^ammine. This relationship, found 
to hold foi the platinous'’, cobaltic-, and platinic-ammonia com- 
pounds, constitutes the second principle involved in the writing 
of the electronic foimulai of the metal-ammines 

Before postulating the rules for writing the electronic formulae 
of metal-ammines some account must be given of the manner in 
which the ammonia molecules aie to be distiibuted It will be 
remembeied that Blomstiand, and latei Joigcnscn, assumed a 
division of the ammonia molecules of the metal-ammines into 
chains by virtue of the ability of the nitrogen atom of ammonia 
to pass from its tervalent state to the quinquevalent condition. 
The pentammme-cobaltic salt was written thus : — 

/Cl 

Co-NH^— Cl 

'^NHs-NHa-NH.-NHa— Cl. 

The non-ionizable chlorine atom is directly united to the cobalt 
atom , the two ionizable chlorine atoms are united to nitrogen 
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and thus have the same lonogen propeities as chlorine m am- 
monium chloride Note that the above formula, compiising five 
ammonia molecules, has one chain of four ammonia molecules 
Blomstrand and Jorgensen have advanced no reasons indicating 
how many ammonia molecules should be embodied m a nitrogen 
chain. Hence the above pentammine salt could be lepresenled 
just as well by the following isomeric foimula, 

/Cl 

Co— NH^— NH^-Cl 

Cl 

which contains chains of two and three ammonia molecules. In 
other words, the Blomstiand-Jorgensen method of assigning 
structural formulae to the metal-ammines permits of more isomeis 
than the facts warrant To overcome this difficulty, which is 
also likely to be encounteied m writing the electronic formulae of 
metal-ammines, theie must be some limitation and definition of 
the number of ammonia molecules to be embodied m a nitrogen 
chain 

To this end, a guiding principle is found in the fact that 
some metal-ammonia compounds, although geneially stable, 
indicate a pronounced tendency to lose ammonia molecules tn 
pat'is For example, in an atmospheie of ammonia at 760 mm 
pressuie, the compound Zn(NH3)6Cl2 decomposes at 59°, losing 
two molecules of ammonia , and in the same way the resulting 
compound Zn(NH3)^Cl2 also loses two molecules of ammonia 
at 89 5° yielding Zn(NH3)2Cl2 Finally, this compound de- 
composes at 269° with the loss of its remaining two molecules of 
ammonia These transitions are summarized thus — 

Zn{NH3)gClo Zn(NH3)^Cl2 Zn{NH3)2Cl2 ZnCU 

Further evidence for the apparent association of gioups of 
two molecules of ammonia m the metal-ammmes is found in the 
fact that Magnus’ Green Salt, [(NH3)4pt][PtCl4], is made by 
the action of ammonia upon platinous chloride, PtCl2 When 
boiled with ammonia it yields tetrammme-platinous chloride, 
[Pt(NH3)JCl2 The tetrammme salts when heated also lose two 
molecules of ammonia yielding the symmetrical diammine com-' 
pounds of general formula [Pt(NH3)2Cl2] 

The pronounced tendency, noted m the foregoing facts, for 
ammonia molecules to enter into combination or to be eliminated 
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fiom combination tn pairs^ wananls the assumption that two 
constitutes the numbei of ammonia molecules natuially occurring- 
m a chain of ammonia molecules Therefoie, m postulating 
rules foi wilting the structuial and electronic foimulae of the 
metahammines, it will be assumed that not moie than two 
molecules of ammonia will be embodied in a single nitiogen 
chain 01 chain of ammonia molecules 

C. Rules for writing Structural and Electronic Formulae of 

etal-Ammines. 

The rules foi writing the stmctuial and electronic foimulae of 
the metal-ammonia compounds noted m Tables A, B, and C 
(p 259) aie as follows — 

(1) Wiite all of the possible electionic types of the metal 
atom of the metal-ammmes of a given metal When the valence 
of the metal is {it) theie aie {n + i) electionic types and {n + i) 
classes of metal-ammines 

(2) Since the numbei of negative lomzable atoms 01 radicals 
(X) of the metahammine is equal to the numbei of positive 
valences of the metal, attach to each positive valence of the metal 
atom (M) a chain consisting of tivo molecules of ammonia and om 
atom or radical (X) which is ionizable and functions negatively, 
thus — 

M — NHj X. 

This electionic foimula for the chain scheme may be abbieviated 
by indicating the polarity, omitting the valence line, and letting 
{d) lepresent a molecule of ammonia, thus* — ' 

M “h — -I" — (t + — X. 

In applying the above lule (2) it is quite evident that no 
moie molecules of ammonia may be written into the electionic 
formula than actually exist m the empirical formula. However, 
as far as the number of ammonia molecules will permit, this rule 
should be applied to each positive valence of the metal atom. 

If the metal-ammine contains an odd number of ammonia 
molecules it will be impossible to assign all of them m pans 
Accoi dingly, the remaining odd number of ammonia molecules 
may be united singly to any negative valences of the metal atom, 
and these single ammonia molecules will in turn be united to an 
atom or radical X which functions positively, thus • — 

M — -j- 
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It should be noted that when X is an acid radical, for 
example, chlorine or biomme, and \% positive^ it manifests little, 
if any, tendency to ionize. This is partly analogous to the situa- 

_j_ 

tion presented by acids of the type H X and H — — O X 

The tendency for X when negative to function as an anion is 
veiy pronounced , but when X is a non-metal and positive, its 
tendency to function as a cation is slight. (See Chaptei VI 
on ionic amphoterism ) On the othei hand, if X is a metal its 
tendency to function positively as a cation is quite maiked 
Apropos of the preceding statements the third rule is as follows — 
(3) To each negative valence of the metal atom attach a 
chain consisting of one molecule of ammonia and one atom 01 
radical X which will function positively, thus • — 

M - 4 (2 ~ + X 


If, in the application of rules (2) and (3) all of the available 
molecules of ammonia are distributed before all of the positive 
or negative valences of the metal atom aie disposed of, the latter 
are united directly (without the intei position of ammonia 
molecules) to any lemaining atoms 01 radicals, X If the 
remaining valence of the metal is positive, then X is negative, 
thus M + - X If the remaining valence of the metal is 
negative, then X is positive, thus M - + X. This pioceduie 
maintains the principle previously noted that the number of the 
positive valences of the metal atom equals the number of negative 
atoms 01 radicals, while the number of negative valences of the 
metal atom equals the number of positive atoms 01 radicals 

Before applying the above rules, the existence of isomers of 
the metal-ammines should be noted Their existence is cor- 
related with the following rule (4) — 

(4) Isomers are possible and are accounted foi whenever m 
the application of the preceding rules there remain for disposition 
one pair of negative valences of the metal atom, two molecules of 
ammonia^ and two atoms or radicals which fu 7 iction positively 
These may be disposed according to two structural electronic 
formulae each of which (I ) and (II ), represents an isomer 


H M 


- 4 ct _ 4, X 
_ 4 a ^ 4 X 

— 4^*~ 4^4 — 4 X 

- i-X 
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Note that isomer I takes care of the negative valences of the 
metal atom accoidmg to rule (3) The possibility of anothei 
formula, isomei II , is somewhat exceptional m that a chain of 
two molecules of ammonia is united to a negative valence of the 
metal 

Isomcis of the following metahammines aie known — 

[Pta.X.,] [PLa.,XJ [Coa^Xa]X 

In these compounds the electionic types of the metal atoms aie 
lespectively as follows — 


Pt ' 



Co 


In the application of the lules foi wuting the electronic foimulie 
of these compounds, there will remain for disposition m each, one 
pair of negative valences of the metal atom, two molecules of 
ammonia and two atoms, Xg, which aie positive Hence the 
conditions exist for the twoisomeuc formulae in confoimity with 
rule (4) and the empiiical facts. 

D. Applications of the Rules. 

The piecedmg lules (1-4) described and qualified, aie based 
upon electronic principles established m confoimity with empiiical 
data They aie, theiefoie, not to be legarded as aibitrary or 
hypothetical, but rather as affoiding a method of wuting both 
the stiuctural and the electionic formulae of the metahammines. 
These lules will now be applied m the wuting of the electionic 
foimul^e of the platinous-, the cobaltic-, and the platinic-ammonia 
compounds. Their formulae are lecorded in labulai foim. Fust, 
note that the empirical foimulse (taken in consecutive ordei from 
the pieceding Tables A, B, and C of the metal-ammonia com- 
pounds) are immediately followed by the electronic formula or 
type of the metal atom in the given metal-ammine. These are 
followed by their electronic formulae which are derived by an 
application of the foregoing rules to the positive and negative 
valences of the metal atoms. 
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(t) [PtaJX, 
(2) [Pta^XlX 


TABLE A 


Platinous-ammonia Compounds 

Pt^ 

Pt: 

Pt 

Pt : 


( I Pi “ 


Cl + 


-I- a 

+ a 


(3) [Pta^XJ Pt : i 

(two isomers, I and 11 ) 1 II Pt ~ ^ ” 


TABLE B 



COBALTIC-AMMONIA 

Compounds 


4' 

4" “ ft “t 

(I) [CoaJX, 

Co 4" 

Co h — Cl -h 


+ 

4- - a 1" 


4" 

4- “ fi 4- 

(2) [Coa^XjXj 

Co 4" 

Co 4- - Cl + 


- H- a - 

— ft _|, 

[I Co - i 

- -h A 


(3) [Coa,X,]X Co ~ 

(two isomers, I and 11 ) 

(t) [Coa X,] Co - 




H a + 

Co - + ft - 

--hr 

- a - 
Co — 4" ft — 

- + a - 


- a -I- - ;t 

- Cl -t> ~ A 

ft + - r 

H- V 

+ i 

+ r 


+ Cl ~ 4- r 


- Cl 4 - % 

^ a \- - \ 

- ct 4- — V 

“ Cl 4 ” “■ t 

- Cl + - ^ 

4' /t- 

- Cl h - V 


- ft 4-« - a 

4" ft — 4" ^ 

4- 1 
4- ^ 

4- V. 


TABLE C 

Platinic-ammonia Compounds 


(1) [Pta,]X, 

(2) [Pta,X]X3 

(unknown) 

(3) [Pta.XJX, 

(4) [Pta^XslX 


Pt 


Pt 


Pt 


Pt ■ 


(5) [Pta.XJ Pt _ 

(two isomers, I and II ) 


4 “Ci+-fi4--% 

Pt + “• a 4- ~ ft 4* - A 
4“ *~ci4* ~“Ci4* “•'i 
4 a: 

(Formula cannot be written 
m conformity with rules) 

4--af-ci4-«»if 
p^4- — fi4- — Cl 4- — “i 

- 4* AT 

- -h AT 

4" “<3/4" “fi4* """‘V 

Pt ” + fi “ + A^ 

- 4- A 

“ 4- AT 

“ 4- ft “ -H A 

_ + a - + A, 

“ 4- A 

“ 4* A 


l-ft- 4 -ft X 

II Pt ^ ^ 

“ + A 

“ 4" A 
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It IS paiticulaily noteworthy that no pentammme platinic 
salt of foimula (2), Table C, namely [PtajXJXj, is known The 
rules for wilting the electionic formula aie not applicable to a 

metal atom of the type Pt;]; because five molecules of ammonia 

cannot be attached in gioups of two to each of the thiee positive 
valences of the metal An electionic formula may be written, 

+ -ai-~a-| — t 
H- — a 1 - a -h — ;t: 

!- - -H - A 
— -i- t 

but it IS an exception to the lules which are applicable to each 
of the known metal-ain mines The fact that this pentaramine 
platinic salt does not exist, and that an electionic formula in 
conformity with the lules cannot be written, lends support to 
the pioposed system of writing the stiuctural and electronic 
formulae of the metahammines. 

It is also significant that the metal-ammme salts undergo 
elect! olytic dissociation, that is, they ionize in aqueous solution, 
in confoimity with the electionic foimula When X is negative, 
It functions as an amon The lemaining pait of the molecule 
constitutes the cation, oi positively chaiged complex radical 
For example, the ionic dissociation of the pentammme cobaltic 
salt IS lepiesented thus — 

+ -al r _ 

Co — <7 H — ft + •— A Co H- — ct “h ft H" , ^ 

These electionic foimulae suggest the possibility of explain- 
ing anothei type of electi olytic dissociation in which X is positive 
and functions as the cation The remaining part of the compound 
IS the complex negative radical or anion (M = neutral atom) 

— — -j-i, r*— •-j-fli' — 

E. Metal-Ammmes and Complex Salts ; Transition Senes. 

This leads to an inteipretation in terms of electronic formulae 
of the senes of seven cobaltic compounds in which the valence 
of the complex radical changes progressively from three positive 
to three negative The empirical formulae of these compounds, 
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rcfonled in the onleroftho iinlal li.iiiMlunis in vah'iu-t ut thni 
complex i.ulicaK, aie ah follows . 

LGh'NII,)..] Cl;,, [C;o(N 1I,),(M03H fl. 

[Col N 1 1 ,) ,( NO.,) , ] , KLt'o(N I [.,),( N (), !, 1 , IC .1 r.K N 1 1, suN O , p ) , 
iqco(No,)„] 

J^cioK' lahnl.itiii}' the c*k*olroiiu‘ lounnl.i* ol tins scuo*. ol 
cob.iltic compounds, the <iuc'stion ot llu* disposition oi the Nt>, 
f’loups must be consideied. It should be us ailed that tlu' ladu a! 
NOj m ly function either lU'p.Uivtdy or positiwly, acc oidiiij; as it is 

I t 

looked upon as a deiivaliveof II . NO,, or IIO. Ntb. lesjHS lively 
lAulhermoie, NO;, as a compoimd, oi as an inde]H;ndcnt molecule, 
has been shown (() 15 1 ) to function as a *' free ladical ” m which 
the valence of its nitiogen atom is foui. Aeeouliiip.ly, thiouijh 
the gain 01 thiough the loss of an election it become, a negative 
ot a positive radical io.spcctivcly. Since it may funetioii a.s an 
iiKk'pendent molecule, there is nothing to ptecltide the assumption 
that chains of molecules of NO^ m.iy exist and function in the 
s<ime manner as do chains of molecules of ammonia m the 
metal-aminmes. Such chain formation is atliilnited to the 
capacity of the nitrogen atom, either ol NII 3 or of N()„, to jsut 
with and accpiirc simultaneously an election, i.e., to develop ,i 
fiee positive and a fico negative valence Hence* the following 
jiartial schemes show how negative atom may he at the end 
of a chain compt using two molccule.s of NUj, and (/>) how a [losi 
tive atom may be at the end of a chain containing twn molecules 
of NO.^:- 

(n) M I Nil, I Nil, t Cl; 

(fi) M I NOj I no) I K. 

The.se auaiigements maintain the rule that for eveiy neg.itive 
valence of the metal there .shall be a positive atom, railieiil, 01 
ion , and, foi every positive valence of the metal there .hIiuH be 
a negative atom, radical, or ion. 

The fiist column of the following table prc.sentH the empirical 
foimul.e of the seiie.s of coballic compountl.s in que.stioii. The 
second column notes the magnitude and the polarity of the valence 
of the complex radical. Column three indicates the electronic 
type of the metal, followed, in the la.st column, by the electronic 
formula which is derived through an application of the jireviously 
developed lules and principles. 
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Numbei 
of Com- 
pound 

Emptncal Foimula 

Valence of 
the Complex 
Rdthcul. 

Elcctionic 
Type of 
Metal 

Electronic Foimula 

(l) 

[Co(Nn,yci, 

3 

h 

Co -j- 
H- 

|--Nir,H--NH,+ -Cl 
Co+ -NII,h -NIIj I -Cl 
S-NIla 1 -NIIjH - Cl 

( 2 ) 

[Co(NH,)„(NO,)]Cla 

2 H 

-h 

Co I- 

+ -Nn,+ -Nn,+ -ci 
Co+ -NH, 1 -NH,+ - Cl 
-+NII.1- 1 NOj 

( 3 ) 

LCo(NU„),{NO,)JC1 

I j 

+ 

Co - 

+ -NH,+ -Nn,s -Cl 
Co - -|-Nll.|- 1 NO., 
--l-NH,-+NOj 

(4) 

CCo(NH,),(NO,,),,] 

0 

Co - 

- I-Nri,-H NO., 

Co-+nii„-h no: 

-+NIIg-+NO: 

(5) 

[Co(N02)„]Kj 

3 - 

Co ~ 

- hNOj- +NO3-+K 
Co-+NOa-+NOa-T-K 
--|-NOa-+NO„-+K 

(6) 

[Co{NOd„(Nn,)]K, 

2 «- 

Co - 

h 

- 1 NO„-+NOj-+K 
Co- -|-NO„- +NO.,- +K 
+ -Nn,f -NO) 

(;) 

[Co(NO,b(Nn,,),]K 

X ~ 

Co -h 
"h 

- 4 NO., - +NO.,- i-K 
Co+-NI-f|+-NO: 
l--Nna+-NO; 

(^>) 

[Co(NO,),(Nn,),] 

0 

Co h 

4 --Nn,.|--NO„ 
Co+-NH,+ -NO: 

+ -NHa+-N03 


A critical suivey of the above table shows that the negative 
chlorine atoms (or 10ns) of compounds (i), (2), and (3), and the 
positive potassium atoms (or ions) of compounds (5). (6), and (7), 
aie duly indicated in the electionic formuhe of the lespective 
compounds. This con elates the ionogen properties of the 
compounds with their electronic formula:. 

The electronic formula: of compounds (i), (3), (3), and (4) 
are in complete accord with the postulated rules and accordingly 
are peifectly similar, both structuially and electronically, to the 
formulae of the cobaltic-ammoma compounds (i), (2), (3), and (4), 
respectively, of Table B (p. 266). Compounds (5), (6), and (7), 
however, embody NOj molecules, and NOj radicals, as pieviously 
explained. It should be noted that compounds (i) and (s), (2) 
and (6), (3) and (7), and (4) and (8), are perfectly similar 
structurally / but electronically there is a complete reversal of the 
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polaiity of the valences not only of the cobalt atoms, but also 
of the remaining molecules and radicals which compnse the 
compounds. 

In this connection, it is remarkable that structurally identital, 
but electronically opposite formulae, (4) and (8), are electronic 
isomers of the compound [Co(NHg)g(N02)g], which is a non- 
electrolyte In other words, foimulse (4) and (8) aie electromers 
of the cobaltic-trinitro-triammine The existence of electiomers 
of organic compounds has been demonstrated, 1 e , the reactions 
of certain compounds can be explained only by assuming the 
existence of its electromers, each of which enters into a definite 
chemical reaction yielding its own specific derivative The 
existence of electromers of inorganic compounds such as formulae 
(4) and (8) is probable Such electromers may exist in tauto- 
meric equilibiium {electronic tautomerisni) or, if the properties of 
the compound so indicate, only in one electionic foim Of the 
two possible foimiil^, (4) is the moie likely because its NO2 
radicals are positive and it is a non-el ectiolyte. This accoids 
with the well-known fact that when the radical NO2 is positive, 
It does not tend to function as an ion 

The piinciples and rules presented in this chapter for writing 
the structural and electronic formulae of the metal-ammines 
might be extended almost indefinitely to various other series of 
complex inorganic or molecular compounds, but enough has 
been given to suggest the possibility and the method of extension 
Whether the types of formulae here proposed are more consistent 
and more significant than pieviously proposed formulae for the 
metal-ammines is, of course, a question One claim, howevei, 
is made, namely, that the pioposed electronic formulae have not 
departed from the thoroughly established principles which underlie 
the writing of the structural and giaphic formulae of carbon com- 
pounds Furthermore, the electronic formulae definitely qualify 
the valences as positive or negative and thereby effect more 
complete correlation with chemical pioperties 

Since the electronic conception of positive and negative 
valence as applied to the constitution of benzene and many of 
Its derivatives has made it possible to explain and to correlate 
many hitherto inexplicable and unrelated chemical and physico- 
chemical phenomena, it is to be hoped that the extension of the 
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electionic conception of valence, as hciewith applied to the 
constitution of the metal-ammmes, may lead to a moie complete 
development of the stiuctuial and electionic foimulae of both 
molecular and atomic compounds and thus bung them into a 
unified system 


CHAPTER XXIII 


BIBLIOGRAPHICAL REVIEW 

A REVIEW of the contents of the many articles relating eithei 
directly oi indirectly to the electionic conception of valence 
would require anothei volume If, however, a leview is limited 
to the published applications of the electronic conception of 
valence in so far as they i elate to the interpretation and coi re- 
lation of chemical and physico-chemical phenomena, it may be 
embodied conveniently in a single chapter Accordingly the 
piesent chapter is limited to a bibliographical and chronological 
review of the applications of the electronic conception of valence 
presenting (i) the name (or names) of the author of the given 
article, (2) the title of the article, (3) the reference to the 
journal in which the article appeared, and (4) a brief abstiact of 
the contents of the article 

A. Bibliographical Review of Published Applications. 

The first applications of the electronic conception of valence 
to the interpretation of specific chemical phenomena by means 
of electronic formulae were presented by in a paper 

read before the Cincinnati Section of the American Chemical 
Society (January 15, 1908) entitled “An Hypothesis relative to 
"^the Constitution of the Benzene Nucleus ^ an Application of the 
Corpuscular Atomic (Electronic) Conception of Positive and 
Negative Valences to the Constituent Atoms of Benzene,” 
/ Amer Client Soc, 30, 34 (1908) In this paper, Fry elaborated 
the electronic conception of positive and negative valence (oiigm- 
ally suggested by Sir J J Thomson's work, Electricity and 
Matter), and proposed the new conceptions and terms electromer, 
electronic tautomensm, and the electronic formula of benzene with 
an explanation of the Brown and Gibson rule 

In the following year J. M. Nelson and K. G. Falk, also 

372 
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basing then views upon Thomson's hypothesis that the linkages 
between atoms in a compound aie caused by the tiansfei of 
corpuscles, applied same to a number of facts chiefly fiom oiganic 
chemistry ‘^The Electionic Conception of Valency in Oiganic 
Chemistry," School of Miners Quarterly^ 30, 179-198 (1909). See 
alsoy" Ainer Chem S’iit , 32, 1637-1654 (1910), which piactically 
embodies then fiist papei and gives a geaeial discussion of 
aliphatic caibon and nitiogen compounds containing single, 
double, and tuple bonds, compounds containing double bonds 
between unlike atoms, paitial valence; and complex inoiganic 
salts. In then summary, Nelson and Falk state that '‘all cases 
of isomerism connected with the piesence of a double bond, 
whethei between like 01 unlike atoms, have been icfcired to 
the diiection of the valences of the double bond, instead of to 
spatial configuiations as heietofore The existence of ceitam 
isomers and the explanation of some hitherto unexplained 
leactions have also been leferied to the diiection of valences 
The existence of 'paitial valence' is shown to follow fiom the 
electric charges in a molecule." 

H. S Fry "Die Konstitutioa des Benzols vom Standpunkte 
des koipuskulai-atomistischen Begiiffsderpositiven undnegativen 
Wertigkeit I. Fine Intel pretation der Regel von Cium Blown 
und Gibson" Zettschr. physikal Chem, 76, 385-397 (19 il) 
The piinciples presented in this paper aie embodied and fuither 
developed in Chapters 11 , VII, IX., and X. of this monograph 
H, S Fiy Idem IL “ Dynamische Formein und das 
Ultraviolettabsorptionsspektium des Benzols". Zeitschr 
kal Chem., 76, 398-412 (1911). See Chapter XVIIL 

H S, Fry Idem. Ill “Dynamische Foimeln imcl das 
Ulti aviolettabsoi ptionsspekti um des N aphtalins " Zeitsch 
physikal. Chem., 76, 591-600 (1911) See Chapter XX 

K G Falk "Electron Conception of Valence IL The 
Oigamc Acids." /. Ainer Chcm. 1140-1152 (1:911), 

F’alk pioposes a classification of the organic acids accoiding to 
the direction of the valences by which the alpha carbon atom is 
combined with the othei atoms of the molecule. The ionization 
constants (K x 10®) depend pumarily upon the additive effects 
of the directive valences of this a-caibon atom ’ L ^C . COgH, 
ionization constants less than ooi, II. ^ C . COjH, ionization 
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constants 01-04, III C COoH, ionization constants 
gi eater than 2 

H S Fry “ A Critical Suiveyof Some Recent Applications 
of the Election Conception of Valence’’ / Amer Chem Soc 
J 34, 664-673 (1912) Fiy maintains that Falk’s classification of 
the organic acids is incomplete because it fails to take into 
account the direction of the valence which binds the a-caibon 
atom to the caiboxyl group When this valence is consideied, 
the theoiy demands eight classes of organic acids Falk postu- 
lates only four and consideis expeiimental data for only thiee 
classes Furtheimore the direction of the valence which binds 
the a-carbon atom to the caiboxyl group, and which Falk 
ignoies, is of piirae impoitance because it determines whethei the 
caiboxyl group functions positively 01 negatively, 1 e , whethei it 
coiiesponds electionically and chemically to the caiboxyl ladical 
m caibomc acid, or to the carboxyl ladical in formic acid 

W A Noyes A Possible Explanation of Some Phenomena 
of Ionization by the Electron Theory” / Amer Chem Soc y 
^ 34, 663 (1912) A shoit note also suggesting that ionization 

phenomena are lelated to the electionic state of ceitain atoms in 
the molecules of electrolytes 

J M Nelson and K G Falk “The Electron Conception of 
Valence III Oxygen Compounds” Conmmmcatio^iy Zth In- 
ternational Congress of Applied Chemistry y 6, 212 -2 21 (1912) 
An extension of their ideas to the oxygen atoms of certain 
compounds 

H S Fry '"Emige Anwendungen des Elektronbegnffs der 
positiven und negativen Wertigkeit IV Fluoieszenz Anthra- 
zen und Phenanthren ” Zeitschr physikal Chem , 80, 29-49 
(1912) See Chaptei XXI 

H. S Fry Idem V “ Absorptionsspektia und dynamische 
Formeln von Chloi-, Brom- und lod-benzol” Zeitschr physikctL 
Chem , 82, 665-687 (1913) See Chapter XIX 

W A Noyes “An Attempt to Prepaie Nitro-nitro gen 
Tiichloride, an Electromer of Ammono-nitrogen Tnchloiide”. 
T Amer Chem SoCy 35 j 757 - 77 S (1913) Ordinaiy nitrogen 
trichloride when titrated against arsenious acid is equivalent to 
SIX atoms of chlorine per molecule indicating that the formula is 

- + Cl 
N - + Cl 

- + Cl 
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Noyes maintains that there should be an electiomer of the 
formula, 

I ^ Cl 
N + - Cl 
+ - Cl 

nitro-nitrogen tnchloiide, which would hydiolyze like othei non- 
metalhc chloiides to give nitious and hydiochloiic acids To 
obtain this electromer, nitiosyl chloiide and phosphorus penta- 
chloride were bi ought togethei at 1000°- 1100° to effect the 
reaction * — 

NOCl + PCIb NCI3 + POCI3, 

Much nitrosyl chloride remained unchanged Chlorine and 
silicon tetiachloiide weie foimed Of thiity gas mixtures 
analysed, twelve obtained in six diffeient experiments gave evi- 
dence of the formation of minute traces of the electromer nitro- 
nitrogen tiichloride : 0 12-0*22 millimoles m a volume of about 
70 cubic centimetres. 

J M Nelson, H, T Beans, and J. K Falk IV Classifica- 
tion of Chemical Reactions J Amer Chem Soc y 35 > 1810- ^ 
1821 (1913). The authors leview and define more ngoiously 
the teims and assumptions piesented in their preceding papers 
As moie general than oxidation, the term adduction is proposed 
On the basis of the electronic changes involved, chemical re- 
actions are classified into oxidation-reduction changes, “ onium 
compound formation, and simple replacement or rearrangement 
These classifications are illustrated by various electronic formulae 

Two papers of related interest on ‘‘Valence and Tauto- 
mensm'' should be noted One was published by W. C. Bray 
and G. E, K Branch,/. Chem SoCy SS 1440-1447 (1913) j ^ 
the other by G N Lewis, 35 ) 144^-1455 (1913) Both 
papers deal chiefly with polemical and hypothetical distinctions, 
from the electronic point of view, between polar and non-polar 
valences, 

K G. Falk and J. M Nelson. V, “Polar and Non-polar 
Valence J Amen Chem Soc y 36. 209-214 (i 9 i 4 )‘ The 
authors oppose the view of Bray and Bianch that valence is 
sometimes polar, sometimes non-polai, pointing out that in many 
cases, as in the Gngnard reaction, we would, if that view is 
correct, have the two kinds of valence appearing in the same re- 
action. To make such a distinction is difficult, confusing, and 
unnecessary. 

18^ 
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L W Jones “ Applications of the Electiomc Conception of 
Valence Part I Reactions among Certain Compounds contain- 
ing Nitiogen. Part II The Beckmann Rearrangement 
\ Amer Chem /,50, 414-443 (1913) Jones extends the elec- 
tionic valence rule of Fiy, namely, that when the valence of an 
atom equals (??) that atom may function m electiomc foimulae 
in (n + i) ways, to tei valent and to quinquevalent nitrogen atoms 
which present, respectively, foui and six electronic types Fiom 
the point of view of electiomc oxidation-reduction leactions, 
many of which are intiamolecular, the electronic types aie dis- 
played by and con elated with the chemical properties of amines, 
aldimes, nitriles, nitiile oxides, and many other nitrogen com- 
pounds Hydtolysis is the chief means of determining the state 
of oxidation of the mtiogen and carbon atoms Jones maintains 
that a cat bon atom when linked directly to a nitiogen atom 
does not leadily take fiom it negative electrons, 01, in other 
woids, is not leadily leduced by it”. An inspection of all of 
the leactions classed as examples of the Beckmann rearrangement 
(including the Hofmann and Curtius reactions) shows that** in 
every case the rearrangement is accompanied by a process of 
intramolecular oxidation and reduction It seems very probable 
that this tendency of the system of linking carbon-nitiogen to pass 
to one in which the caibon atom is as fully oxidized as possible, 
and the nitrogen atom as fully reduced as possible may be the 
real determining factor in the Beckmann reairangement, and that 
the formation of univalent mtiogen, proposed by Stieglitz as the 
immediate cause, may be a meie incident, necessary, to be sure, 
to pave the way for this change An appieciation of the natuie 
and extent of Jones^ applications of the electionic conception of 
valence to the compounds of mtiogen requires a detailed study 
of the published paper, 

H S Fry . ‘* Interpretations of Some Stereochemical Prob- 
lems m terms of the Electronic Conception of Positive and 
Negative Valences. I Anomalous Behaviour of Ceitain De- 
rivatives of Benzene ” / CJmn .5^7^,36,248-262(1914) 

See Chapter VIII 

H. S Fry “Positive and Negative Hydrogen, the Electiomc 
Formula of Benzene and the Nascent State”. J. Amer Client 
Soc., 36, 262-272 (1914) See Chapters IV and V. 

Julius Stieglitz and P N Leach “The Molecular Re- 
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airangement of Triaiylmethyl-Hydioxyl-Amines and the ‘ Beck- 
mann ^ Reanangement ofKetoximes” J Amer Chem Soc ^ 36, 
272-301 (1914) It lb possible that the chloioimides obtained 
by Stieglitz and Pcteison aie electioraeis of the chloioimides 
supposed to be the inteimediale piodiicts in the icaiiangement 
of the ketoximes by phosphoius pentachlonde Many lear- 
langement leaclions aie discussed in teims of the electronic 
valences of the nitiogen atom in iclation to the positive and 
negative charactei of ccitain atoms and ladicals Stieghtz, m 
picsenting a new inteipictation of the leanangement of ket- 
oximes, maintains that “with the change of electionic foices, the 
positive ladical, nearest to the fietd of force ^ is lost by the now 
positive carbon and earned to the now negative nitiogen Such 
a senes of actions would account foi the natuie and action of 
the leagents used to accomplish the learrangement (acid de- 
hydiating agents) and it gives a rational pictuie of the electrical 
forces in play in the reairangement of the valences of the mole- 
cule vSuch a course would also account for the tnflitence of 
stcreoisomei ism on the reanaiigcment, if such an influence should 
be established as beyond doubt— the ladical neaiest to the 
electrical fields of force pioduced by the migiation of electrons 
ftom carbon to nitrogen passing under the influence of this force 
to the nitrogen.” Again, it should be stated that an intimate 
study of the published papei necessanly piecedes an appreciation 
of the pioposed intcrpietations 

L. W Jones. “Electromeis and Steieomers with Positive 
and Negative Hydioxyl ” f. Amer Client Soc,^ 2 f>i 1268-1290 
(1914) Jones cites experimental facts which he believes are 
sufficient not only to establish a tautomeric relationship between 
hydroxylamine and its deiivatives in the ordinary structural 
sense but also to confirm the belief that these compounds 111 
many of their leactions behave tautomeiically in the electronic 
sense, le, afford examples of electionic tautomensm The 
paper deals m paiticular witlv (i) structuial tautomensm of 
hydroxylamine derivatives, (2) oxidation and leduction of 
hydroxylamine and its derivatives , (3) l^he action of hypo- 
chlorous acid and biomine upon tertiary amines, (4) an 
electronic explanation of these actions , (5) electronic tauto- 
merism of hydroxylamine and its derivatives, and (6) elec- 
tromers and stereomers with positive and negative hydroxyl, or 
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alkoxyl In the last section, Jones shows conclusively that certain 
derivatives of hydroxylamine, piepared by Meisenheimer, aie 
electromers The following quotations taken fieely from a 
subsequent papei by Jones {Science, Vol 46) No 19S) 493*503) 
piesenting this same phase of the subject, are of moment • — ■ 

“In an aiticle concerning the ‘Non-Equivalence of the Five 
Valences of Nitiogen,’ Meisenheimer describes the piepaiation 
of two isomeric compounds of the type, (R)3N(OCH3)(OFI) 
Vat first isomei was obtained by the action of (i) methyl iodide 
upon tnmethylamine oxide and (2) subsequent leplacement of 
iodine by hydroxyl Thus — 

/OCH3 

(1) {CH3J3N = 0 -f CH,I -> CH,N<^^ 

/OCH, /OCHg 

(2) + NaOH + Nal 

(A) 

“ The second isomer was secui ed by the action of sodium 
methjdate upon the salt obtained by li eating trimethylarylamine 
oxide with hydrogen chloiide — 

/OH 

(1) (CH3)3N = 0 + HCl -> 

/OH /OH 

(2) (CHjJaN/ + NaOCHj -H NaCI_ 

(B) 

The two forms, (A) and (B), are identical except for the order in 
which the hydroxyl groups and the methoxyl groups are introduced 
In (B), as Meisenheimer said, the methoxyl group is linked to the 
'fifth valence,’ or the one which usually engages the acid radical , 
while it IS linked to the 'fourth valence ’ m formula (A). But 
these two substances (structural isomers) are fundamentally 
different When an aqueous solution of (A) was heated, it 
decomposed quantitatively according to the equation — 

/OH (5) 

(A) (CHj) 3N( (CHjaN + CH^O + HjO 

\0CH3 (4) 

The tnmethylhydroxyammonium methylate (B) showed a totally 
different behaviour — 

/OH (4) 

(B) (CHjJjNcf -» (CH3)3N = 0 + CH3OH, 

\0CH3 (5) 
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“ In addition to these compounds, Meisenhcimei piepared a 
numbei of isomeiic mixed clialkyl compounds with methyl, ethyl, 
and piopyl ladicals, eg. — 


(CH,),N 


/OCH, 

\oc,Hb 


and 


(CH,),N 


/OCsIJp 

\0CH^ 


In every case, water decomposed compounds of this type to give 
a teitiaiy amine, an alcohol, and an aldehyde, but, invariably, 
the ladical eliminated as aldehyde was the radical which occupied 
^position foui (4),^ and the gioup eliminated as alcohol always 
occupied ^ position five (5) ’ Meiscnheimei stated that he 
nevei obtained recognizable traces of the aldehyde winch should 
have resulted if the group attached in position five had sepal ated 
111 that form 

“The electronic conception of valence fully explains these 
disputed relations by assuming that the one hydioxyl (or alkoxyl) 
group (^) is positive while the other (5) is negative Thus 


(A) {CH,),N ; i g : ; (CH,),N ; 1- g _ J.I + (n,C - t o) 

(B) (CHjjN ; 1 g : -> (ch,),n ; i* o + (chj + - 0 - 1 h). 


It IS significant that the two oxygen atoms upon which the 
existence of the electiomeis depends aic not linked diicctly to 
each othei but through an intermediate atom, nitrogen , thus 
{RO - N H- - OH) and (TIO 1 - N + - OR), 

Jones maintains that this is undoubtedly responsible for the 
relative stability of these electiomeis as compared with others 
in which the atoms of different polaiity are directly connected, 
e,g — 

4- - - -h 

A B and A B 

IT S Fiy, “ Interpretations of Some Steieochcmical Pi ob" 
lems in Teims of the Electronic Conception of Positive and 
Negative Valences. IL Halogen Substitution in the Benzene 
Nucleus and m the Side Chain,^' /, Amer, Chmu Soc.^ 36. 
io3S-io<^7 (1914) See Chapter XV. 

J. M, Nelson and K. G. Falk: “The Electron Conception 
of Valence VI. Inorganic Compounds ” /. Amer. Chem. Soc., 
37, 274-286 (1915) Applications are extended to Weiner’s 

conceptions. The authors^i adopt thf ^ 

!Q 
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relative to the electronic constitution of the cobaltic-ammines 
and extend same to platinic-ammmes Werner’s co-ordination 
foimul^e aie the structuial basis for the electronic formulae of 
the metal-ammines as conceived by Ramsay and later by Nelson 
and Falk 

H S Fiy Interpretations of Some Steieochemical Pi oblems 
in Terms of the Electronic Conception of Positive and Negative 
Valences III A Continuation of the Interpretation of the 
Brown and Gibson Rule” / Amer Chem Soc, 37, 855-863 
(1915) See Chapter IX 

H S Fry, Idem, IV ^‘The Simultaneous Formation of 
Ortho-, Meta-, and Para-Substituted Derivatives of Benzene ” 
/ Amer Chem Soc y 37 , 863-883 (1915) See Chapter XI 
H S Fiy Idem V. “A Reply to A. F Holleman ” J 
Amer Chem Soc ^ 37 , 883-892 (1915) 

K G Falk and J, M Nelson, Electron Conception of 
Valence VIL Theoiy of Electrolytic Dissociation and Chemical 
Action” J Amer Chem Soc ^ 37, 1732-1748 (1915) The 
authors hold that change? occurring in chemical reactions do not 
depend upon the electrolytic dissociation of the reacting sub- 
stances The chemical changes aie accompanied veiy often by 
electrolytic dissociation phenomena but the latter parallel the 
former, or vice vers^, and do not necessarily precede 01 cause 
them 

H S Fry . “ Einige Anwendungen der elektronischen Auffas- 
sung positiver und negativer Valenzen VL Uber die Existenz 
und die Eigeiischaften 'freier Radikale’” Zeitschr phystkal 
Cheniy 90, 458-480 (1915) See Chapter XVI 

HS Fry Interpretations ofSome Stereochemical Problems 
m Terms of the Electronic Conception of Positive and Negative 
Valences VI Further Evidence for the Electronic Formula of 
Benzene and the Substitution Rule” J, Amer Chem Soc ^ 38, 
1323-1327 (1916) See Chapter VIII 

H. S. Fry Idem, VII ‘‘The Action of Sodium Methylate 
upon the Products of Nitration of Ortho-, Para-, and Meta- 
Chlorotoluenes ” J Amer Chem Soc,y 38, 1327-1333 (1916), 
See Chapter XII 

H S Fry , Idem VIII “ Further Evidence for the Elec- 
tronic Tautomerism of Benzene Derivatives ” / Amer, Chem 
Socy 38, 1333-1338 (1916) See Chapter X. 
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H S Fiy, Idem IX The Electronic Formula of Benzene 
and the Moleculai Volumes of the Chloiobenzenes ’’ J Amer 
Chem Sjc, 39, 1688^1699 (i 9 i 7 ) See Chapter XVII 

L W Jones. Electromeusm, A Case of Chemical Isomei- 
ism lesullmg from a Difference in Distribution of Valence 
Electrons’’. Sde^ice, Vol XLVL, No 1195 (1917) The 
essential featuies of this papei have been reviewed in the 
abstract of Jones’ paper on Electromers and Stereomeis with 
Positive and Negative Hydroxyl” (p 277) 

M T Hanke and K K. Koessler . ‘'The Electronic Con- 
stitution of Aceloacetic and Citiic Acids and some of their 
Derivatives '' J A mer Chem Soc., 40, 1 726- 1 7 3 2 ( 1 9 1 8) When 
citric acid is tieated with fuming sulphuric acid the central 
caibox}/! group escapes as carbon monoxide The reason foi 
the elimination of the central carboxyl group and the non- 
elimmation of the two end carboxyl groups is due to a difference 
m the direction of the valence force holding these gi'oups In 
other words, as Fry has shown, the elimination of a carboxyl 
group as caibon monoxide signifies that said group functions 
negatively Its carbon* atom corresponds to the state of oxida- 
tion and the electronic type of the carbon atom in formic acid, 
which readily yields carbon monoxide Citric acid, losing 
carbon monoxide, yields acetone dicarbonic acid which contains 
the two end carboxyl groups of the original citric acid These 
aie eliminated as carbon dioxide on treatment with caustic alkali 
solution, yielding acetone Again, as Fry has shown, the elim- 
ination of a carboxyl group as carbon dioxide shows that said 
carboxyl group functions positively Its carbon atom corre- 
sponds to the state of oxidation and to the electronic type of 
the carbon atom in carbonic acid, which loses carbon dioxide 
By the application of these principles, Hanke and Koessler are 
able to piopdse electronic formulae for various complex acids 
which are readily correlated with their chemical properties. 

Rajendralal De ; "Polar and Non-Polar Valency”. Trans. 
Chem Soc , I15, 1 27-1 34 (1919) In the light of recent theories 
of atomic structure, De has discussed the stmctural significance 
of complex salts such as the cobalt- and platinum-ammonia 
compounds, acetylides, etc, in relation to polar and non-polar 
valency 

Eustace J. Cuy : "The Electronic Constitution of Normal 
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Carbon Cham Compounds, Saturated and Unsaturated / 
Amer Ckem Soc , 42, S 03 “ 5 i 4 (1920) Cuy summarizes his 
paper thus ‘'Assuming that carbon compounds are polar m 
nature and that carbon atoms m a chain tend to assume al- 
ternately positive and negative charges, it has been shown that 
the fluctuation in the various physical properties of these com- 
pounds such as melting points, boiling points, and so foith, 
between the even and the odd members of a given senes, may 
be accounted for Various reactions in which these compounds 
take part, such as the addition of halogen acids and the isomeric 
rearrangement of the halides may likewise be accounted for, on 
the basis of these assumptions ” 

Many significant papers have not been noted in the foregoing 
review for the reason that they are concerned chiefly with the 
problem of the constitution of the atom While they bear more 
or less directly upon the question of chemical valence, they are 
not primarily direct applications of the electronic conception of 
valence to the interpretation of specific chemical reactions In 
this connection the following papers should be noted . — 

G N Lewis, “The Atom and the Molecule^' Amer 
Chem Soc,38, 762-784 (1916) 

G N. Lewis “Steric Hindrance and the Existence of Odd 
Molecules (Free Radicals) Proc Nat Acad Set ^ 2 ^ 586592 
(1916) 

Irving Langmuir “ The Arrangement of Electrons in Atoms 
and Molecules” J Amer Chem 4^3 S68-934 (1919) 

Irving Langmuir “Isomorphism, Isostensm, and Coval- 
ence” J A7ner Chem Sac ^ 1543-1559(1919) 

Irving Langmuir " The Structure of Atoms and Its Bearing 
on Chemical Valence ” J Ind Eng Chem ^ I2, 386-388 (1920). 

The atomic configurations and methods of representing 
electronic valences presented in these and many other papers are 
so complicated that they do not lend themselves readily to a 
convenient form of graphic or structural illustration when one 
attempts to make application to specific chemical reactions In 
other words, their adaptability to eluadate structural formulse and 
chemical reactions is questionable. 
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B. Review of Criticisms. 

The intioduction of the electronic conception of valence and 
its extension to the intei pi elation of chemical phenomena has 
met with some ciiticism The papeis embodying these criticisms 
should be noted biiefly in this bibliographical leview 

P de lieen • ‘‘ The Electron Theory and Conception of 
Valence” Bull Acad Roy Belg ^ 1913, 667-679 The author’s 
chief ciiticism is that the election theory does not furnish any 
satisfactoiy account of the behaviour of the elements of variable 
valency. To this it may be replied that when the valence of an 
element is iyi) that element may function electronically in 4- i) 
ways If the oidmary valence varies, the same rule applies as 
well to the one value for {n) as to the other value or valence in) 
Numeious illustrations of this rule have been given in this 
monograph. Jones (loc cit ) has indicated methods of considering 
electronically the nitrogen atom which may function eithei as a 
tervalent or a quinquevalent element 

S J Bates “ The Electron Conception of Valence” J Amer 
Chem 789-793 (1914) Bates maintains that “on the 

whole the phenomena of physics are opposed to the view that 
in the molecule the atoms aie charged with respect to one an- 
othei, and to the theory of valence developed on this assumption. 
Chemistry contributes the most satisfactoiy evidence in its 
favoui ” This type of criticism is irrelevant foi two reasons 
(t) The isolated conditions under which the quoted physical 
phenomena are effected (e g , high vacua, influence of positive 
rays, etc) are not comparable with the conditions under which 
the great majority of chemical reactions take place. Therefore, 
both the results and conclusions are bound to differ (2) The 
electronic conception of positive and negative valence plays the 
part of afonnulative hypothesis in the interpretation and con ela- 
tion of chemical and physico-chemical phenomena. 

A F Holleman . “Substitution m the Benzene Nucleus” 

/. Amer Chem Soc ^ 36, 2495-3498 (1914) Holleman main-^ 
tains that Ihete is no hypothesis able to give a satisfactory ex- 
planation of the phenomena of substitution m the benzene 
nucleus He states that Fry’s electronic formula for benzene 
and rule for the explanation of substitution reactions cannot be 
accepted “because thcie are so many objections to it” He 
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pieseiits SIX “most important^’ specific objections which should 
be studied intimately by the reader Fiy has leplied m detail 
to each of these objections,/ Amcr Chem Soc ^ 37, 883-892 
^ (1915), showing by direct quotations fiom Holleman’s criticism 
and Fly's original statements that Holleman’s inability to cone- 
late Fly’s rule with ceitam cases of substitution was due to 
Holleman’s failure to apply to the principle of the electronic 
tautomensm of benzene derivatives the geneially accepted 
principle that, in any tautomeric equilibrium mixtuie, either one, 
or the other, or both tautomers (depending upon conditions) may 
interact with a given reagent Thus the simultaneous formation 
of ortho-, paia-, and meta-substituted denvatives is leadily ex- 
plained Furthermoie, those cases of substitution which Holle- 
man regarded as opposed to Fiy’s rule weie shown to conform 
to the rule and to the principle of the electiomc tautomensm of 
benzene derivatives An appreciation of the points at issue 
between Holleman and Fry necessitates a ciitical study of their 
original papers. It is of interest to add that in a piivate com- 
munication from Professor A F Holleman (Amsterdam, June 7, 
1915), he writes I fear that you have gone too fai m your ex- 
planations, and it will be necessary to review your hypotheses, 
though I acknowledge that there is a right nucleus in them ” 
While Holleman apparently did not completely sense the signi- 
ficance of the principle of electronic tautomensm and the necessaiy 
part it plays m substitution reactions, J B Cohen cleaily 
states the principle in his review of Fiy’s electronic theoiy of 
benzene substitution Cohen concludes his summary with the 
statement that Fry’s theory, “ in short, is so mobile, so adapt- 
able, and so ingeniously applied as to explain most of the 
facts of substitution as well as many reactions of aiomatic com- 
pounds ” 

R F Brunei* “A Ciiticism of the Electron Conception of 
Valence” J Amer Chem Soc , 37, 709-722 (1915) Brunei 
concludes that any application of the theory involves the constant 
use of assumptions , that the electronic formulae assigned to 
chemical compounds are inconsistent with any rule that can be 
proposed , that no single well-established case of electromensm 
IS yet known , and that the evidence of physical experiments is 
at present opposed to the assumption on which it is based. 

H S Fry “The Electronic Conception of Positive and 
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Negative Valences J.Ainer Own 37, 2368-2373 (1915) 
A leply to the preceding paper of Biunel 

There now lemains for consideiation a bnef discussion of the 
status and functions of the electionic conception of positive and 
negative valence This is the subject of the concluding chapter 
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THE STATUS AND FUNCTION OF THE ELECTRONIC CONCEPTION 
OF POSITIVE AND NEGATIVE VALENCE 

The final chapter of Recent Advances tn Organic Cfmmstry 
by A W. Stewart discusses ‘‘modern formulae and their 
failings The introductory paragiaph bears the following 
statement “ An unbiased survey of the fields covered by organic 
chemistry cannot fail to reveal to any critical mind the fact that 
our structural formulae are becoming less and less able to cope 
with the strain which modern research is placing upon them It 
IS true that for work-a-day purposes they still answer admiiably , 
and from the point of view of teaching it is doubtful if anything 
bettei could be devised. But when we go into the matter be- 
yond the mere suiface, things are not so satisfactory as they may 
appear to the superficial observer ’’ 

Examples are cited by Stewart to show that our formulae 
have ceased to be pure “ reaction-formulae and that they 
frequently mislead us if we attempt to draw general conclusions 
from them On the other hand, researches in physics and 
physical chemistry are giving us glimpses of the “intimate 
structure of molecules Therefore, a difficult task is en- 
countered when one attempts to embody reaction-formulae and 
intimate structure of molecules simultaneously in one configura- 
tion Stewart admits that progress along these lines will be 
slow, but it is the task of investigators who concern themselves 
with both physical and chemical properties to invent a special 
symbolism which will express their results and be free fiom the 
implications that are attached to ordinaiy formulte “Conserv- 
atism IS ingrained in most scientific minds , and the struggle 
which new ideas have before them is geneially severe ” 

A Status and Function of the Electronic Conception of 

Valence. 

Apropos of the foregoing points of view of Stewart, what is 
the status Kind function of the electronic conception of positive 

286 
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and negative valence and the new types of foimulae — electiomc 
formulae — -proposed, developed, and illustiated in this monograph ? 
The answer to this question is manifold 

(1) It should be recalled that the electronic conception of 
positive and negative valence, as noted in the introduction 
(Chapter I ) is a foimulative hypothesis It is maintained that 
it should function as such in the interpietation and coi relation 
of chemical and physico-chemical phenomena 

(2) The electiomc conception of positive and negative 
valence as herewith applied to the constituent atoms of lelatively 
well-established structural foimulse, is, at its present status of 
development, neithei piimaiily noi necessarily concerned with 
the question of the ultimate natuie of chemical affinity and the 
constitution of the atom per se Such questions have invariably 
led into fields wheiein speculation predominates Moreovei, the 
numerous, vaiied, and diveigent hypotheses relating to the 
ultimate constitution of the atom have failed, so fai, to furnish a 
unifoimly satisfactory valence hypothesis which will enable 
chemists to elucidate chemical foimulm and leactions. 

The most to be gleaned fiom any or all of these anomalous 

hypotheses is the early and lelatively simple suggestion of Sir 

J J Thomson that if we interpret the ‘ bond ' of the chemist 

as indicating a unit Faiaday tube, connecting charged atoms in 

the molecule, the stiucLuial formulae of the chemist can be at 

once translated into the electiical theoiy Thus, in the electronic 

theoiy, one end of a bond corresponds to a positive, the other to 

a negative charge, the chaige being developed through the loss 

or the gam of an election It is this earlier view that is most 

readily and significantly adaptable to chemical formulae. Later 

views on the electronic nature of valence and the distribution of 

valence elections have manifested little, if any, discernible utility 

in the direct and lucid interpietation of the mechanism of specific 

chemical reactions and the corielation of the varied phenomena 
»> 

of moiganic and organic chemistiy 

(3) It should also be recalled that the translation of a 
stiuctural formula into an electiomc foimula is not an arbitrary 
procedure Many illustiations have been presented showing 
that this tianslation is governed by a careful study of the pheno- 
mena of ionization and electrolysis, oxidation-reduction processes, 
and hydrolytic reactions. Each of these phenomena is readily 
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mtei preted in teims of electric charges, that is, positive and 
negative valences ot the capacity of atoms and radicals to function 
positively and negatively It is in confoimity with these physical 
and chemical phenomena that the polarity of the valences or 
bonds in a structural foimula are indicated by plus and -minus 
signs thus making the translation of a structural formula into an 
electronic foimula both a physically and a chemically consistent 
procedure 

(4) Many substituted derivatives of benzene when singly 
brought into hydrolytic reactions, or subjected to further sub- 
stitution, yield derivatives whose existence and properties com- 
pel us to conclude that the reaction involved more than one type 
of molecule of the initial benzene derivative These molecules 
are not those of tautomers or desmotiopes They are electronic 
tautomers, or electromers, existing in tautomeuc equilibiium, 
that IS, manifesting the phenomenon of electronic tautomeiism 
If this assumption, the principle of electionic tautomeiism, is not 
valid, then we are still unable to explain eithei the simultaneous 
formation of ortho-, meta-, and para-deiivatives of benzene m 
any given substitution leaction or the chemical pro pei ties of the 
substituted derivatives formed which are the specific products of 
lespective electromeis While the isolation of the electromer of 
any benzene derivative has not as yet been effected, the deriva- 
tives of these electiomers have been obtained and their chemical 
properties explained and correlated in terms of their electronic 
foi mulse In other words, the simultaneously formed ortho-^ ineta-^ 
and para-sub stituted derivatives of a given compound are the ini’- 
mediate and direct reaction products of the electromers of that 
compound 

(5) The electronic conception of positive and negative 
valence, as herewith presented, developed and applied, is a 
formulative hypothesis Such an hypothesis to be efficient must 
be inductively true at the time of its promulgation , that is, it 
should explain the phenomena and laws which classification has 
brought together in a particular branch of science It should 
also be applicable to futuie discoveries , and, finally, it must be 
deductively suggestive m indicating lines of future research The 
electronic conception of positive and negative valence has, in a 
measure, met the first requirement in affording interpretations of 
the mechanism of many hitherto unexplained chemical reactions, 
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notably substitution reactions in the benzene nucleus and the 
anomalous behaviour of many derivatives of benzene It has 
also afforded explanations of physico-chemical phenomena such 
as molecular volume lelationships, absoiption of light and fluoi- 
escence Does it also meet the other fundamental lequirement 
of a good hypothesis, namely, to suggest lines of future research ? 

B. Suggested Lines of Future Research. 

A suggested line of lesearch may be found m endeavours to 
isolate electromers, the existence of which m tautomeric equi- 
librium IS clearly substantiated As noted, electiomeis of de- 
rivatives of benzene have not as yet been individually isolated, 
but a well-established case of electromeiism has been pointed 
out by Jones (loc cit) in his electionic explanation of ceitain 
isomeric derivatives of hydioxylamine oiiginally piepared by 
Meisenheimei These lepiesent the fiist known instances of 
independently existing electiomeis, that is, compounds com- 
pletely identical in structuial foimulce but diffeiing m physical 
and chemical propeities by virtue solely of a diffeient arrange- 
ment of the lespective positive and negative valences (valence 
electrons) of certain constituent atoms The isolation of other 
electiomeis depends upon futuie research. 

Another line of suggested research may be located in the 
well-ploughed field of unsuccessful attempts to effect a direct 
asymmetric synthesis, i e , to prepare a compound which displays 
optical activity thiough rotation of the plane of polaiized light 
by viitue of its containing an asymmetric atom, e,g , the carbon 
atom, united to four chemically diffeient atoms 01 radicals A 
suggestion to this end may exist in the following explanation of 
magnetic optical activity in teims of the electronic conception 
of positive and negative valence. 

A naturally optically active carbon compound is either dextro- 
or laevo-rotatoiy independently of the direction m which the plane 
polaiized light passes thiough its solution. On the other hand, 
a magnetically optically active liquid is dextro- or laevo-rotatoiy 
according to the direction in which the light passes through it, 
the magnetic field being constant Now natural optical activity 
of a carbon compound depends upon the presence of an asym- 
metric carbon atom in its molecule. Briefly illustrated (C c, d) 
indicates that the quadrivalent carbon atom is united to four 

19 
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chemically different atoms or ladicals, Cy and d The com^ 
pound (C ay by Cy c) is not optically active since two of the four 
atoms united to it {c and c) are chemically identical. But 
(C ay by Cy c) dispkys optical activity in a magnetic field. One 
natural conclusion is that the two chemically identical atoms 
{c and c) must function diffeiently in the magnetic field In 
other words, in terms of the electionic conception, whethei (<?) 
and {c) are naturally both positive or naturally both negative, 
the magnetic field induces a rearrangement of the valence electrons 
tn such a way that one {c) ftmctions positively and the other (c) 
functions negatively It has been shown that a given atom may 
function sometimes negatively, sometimes positively, and these 
two states are entirely different chemically Hence, the magnetic 
field may induce magnetic optical activity by con vei ting inactive 
+ + — — 

(C Uy by Cy c) 01 inactive (C by Cy c) into magnetically optically 

active (C ay by Cy c) This may be termed electromeric asymmetry y 
the occasion of magnetic optical activity 

It is also quite conceivable that a compound such as 
— 

(C a, by Cy c) in which like atoms (c and c) possess opposite polarity 
would not show optical activity unless in a magnetic field In 
this case the magnetic field would not be the occasion of atoms 
(^r and c) functioning positively and negatively, but it would 
differentiate them in their relative spatial positions in the mole- 
cule so that the carbon atom (C) is asymmetric It displays 
electromeric asymmetry This differentiation in space and m 
+ — 

polarity of the atoms (c and c) in a magnetic field is leadily 
correlated with the fact that a magnetically optically active liquid 
is dextro- or laevo-rotatory according to the direction in which 
the light passes through it 

This proposed hypothesis also correlates the well-established 
theory of the asymmetric carbon atom of Le Bel and Van’t Hoff 
with Faraday’s discovery of and Sir W H Perkin’s remarkable 
researches in the field of magnetic optical activity 

Immediately in this connection it should also be noted that 
many crystalline substances, such as quartz, are optically active, 
but it has been held by physical chemists that the activity here 
is not due to the arrangement of atoms within the molecule but 
rather to a certain undefined arrangement of crystalline particles. 
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Now X-iay and crystal stiuctuie investigations are clearly in- 
dicating the types of the airangements of the atoms in spaced 
lattices Accoidmgly, it is quite possible that many such ai- 
langements present examples of ehctroinenc asymmetry In 
other woids, optical activity of ciystals is assumed to be due to 
electromeiic asymmetiy which exists natuially in optically active 
ciystals but is induced in inactive substances by the magnetic field 

The suggestion of the conception electromenc asymmetry 
does not, of couise, in itself constitute an explanation, but it 
may seive as a nucleus foi the development of a moie compie- 
hensive hypothesis which should embrace and correlate, along 
the lines indicated, all types of optical activity The undei lying 
concepts are the electionic conception of positive and negative 
valence and the piinciple of asymmetiy, which latter has played 
a vital part m the explanation of the optical activity of compounds 
of carbon. 

The phenomena of magnetic optical activity and the proposed 
elcctionic interpietation also suggest othei lines of investigation 
For example, may not a sufficiently poweiful magnetic field 
have some effect upon the lelative concentrations 01 relative 
leactivities of the electromers in a tautomeric equilibiium mix- 

-h — 

ture such as (C,,Hr, X ^ CflHfj X) ? Since benzene deiivatives 
display electronic tautomeiism, they may be expected to leact 
diffeiently within a magnetic field than they do in a non- 
magnetic field. This difference in leactivity under the two 
conditions could be ascertained by a quantitative deteimination 
of the reaction pioducts which are the deiivatives of the respec- 
tive electromers. If the magnetic field alteied m any way the 

•"H — 

concentrations or reactivities of the electromers, C(|H0 . X and 
— -h 

CjHs . X, variations in the quantities of the substituted derivatives 

of C„’Hb . X and C^Hs . X would establish the fact. 

In this connection studies of the hydrolytic reactions of 
optically active and inactive compounds, within and without the 
magnetic field, are suggested. Also, addition leactions present 
subjects for investigation. For example, the addition of the 
halogens and halogen acids to unsaturated compounds have a 
special significance m attempts to effect asymmetric synthesis. 
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The two types of double bonds, contraplex and dtplex^ proposed 
by the author afford a ready explanation of the varied and ap- 
parently anomalous addition reactions frequently noted in the 
literature How will a magnetic field effect these addition 
reactions ? 

The variable physical conditions under which these suggested 
reactions may be conducted must not be ovei looked Electronic 
tautomers aie undoubtedly very subtle. The behaviour of elec- 
tromers and the possibility of their isolation are quite likely to 
be influenced by the magnetic field, its character and intensity , 
by the solvent medium, its density, molecular volume, tempera- 
ture, dielectric constant, chemical properties, etc , and by the 
presence of catalysts, either directly employed or as secondary 
products of the reaction. All of these conditions as well as the 
quantities of the reacting substances, and the quantities of the 
products of the reactions must be accurately standardized and 
carefully detei mined in any of the suggested researches 

From the foregoing it is quite apparent that the electronic 
conception of positive and negative valence meets the two funda- 
mental requirements of an efficient formulative hypothesis it 
not only explains many facts and phenomena — its first function 
— but It is also deductively suggestive in that it has indicated 
various lines of future research These hypotheses are proposed 
with the understanding that assumption is not necessarily pre- 
sumption 

Finally, a statement made in the introductory chapter will 
, now bear repetition “ In view of the fact that electronic formulae, 
' iri" many instances, have proven to be more precise and more 
significant than the customary structural formulae in the explana- 
tion of chemical and physico-chemical phenomena and the 
mechanism'of reactions, it is quite conceivable that the electronic 
conception of positive and' negative valence as a formulative 
hypothesis may become a necessary adjunct to the structure 
theory This, of course, must depend upon the nature and 
extent of its applications and experimental verifications, and 
upon the part that should be played by just criticisms in bringing 
to light the relative merits and demerits of its applications 
Complementary to this opinion the author begs to conclude this 
monograph by quoting the final paragraph of A W Stewart's 
Recent Advances tn Organic Chemistry (loc cit) — 
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IS not to be expected that success will be attained at 
stroke. Much moie probably, there will be a good deal ^ 
fumbling and recasting to be gone tin ough, just as there w« 
before oui piesent-^day formulae emeiged fiom the melting-po 
Any suggestions, theiefore, which tend towaids the enlaigemei 
of our ideas of chemical constitution should be welcomed b 
those who have sufficient critical spiiit to giasp the failure of oi 
contempoiaiy foimulse undei the stiain of modem investigations 
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